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Art. I.—Charles Grafton Page. 


Prof. CHARLES GRAFTON Pace, whose death at his residence 
in Washington, D. C., was announced in the last July number 
of this Journal, was born in Salem, Mass., on the 25th day of 
January, 1812. He was prepared for College in the Grammar 
School at Salem, and entered Harvard University in 1828, 
graduating in 1832. He studied medicine at the medical 
school in Boston, and in the year 1838, he removed with his 
parents into Virginia, pursuing there the practice of his pro- 
fession. About the year 1841, he was appointed one of the 
Principal Examiners in the United States Patent office. At 
that time there was but one other Principal Examiner, and 
the office was one of great responsibility, since upon the Prin- 
cipal Examiner alone generally depended the decision of all ap- 
—* for patents in the classes of inventions under his 
charge. 

In 1844, he was elected Professor of Chemistry, in the Med- 
ical Department of Columbian College, D.C., but in 1849, he 
resigned his professorship on account of the pressure of his 
duties in the Patent Office. In the year 1852, he retired from 
the Patent Office for the purpose of devoting himself to the 
effort in which he was then engaged to introduce electro-mag- 
netism as a motive power. This enterprise having been relin- 
quished with the failure of means to extend his experiments, he 
associated himself with Messrs. J. J. Greenough and Charles L. 
Fleischman in the publication of the American Polytechnic 
Journal, which commenced with the beginning of the year 
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1853. After the discontinuance of that Journal with the close 
of the year 1854, Prof. Page does not appear in any public 
capacity until the year 1861, when he again entered the Patent 
Office as Examiner of Patents, a position which he held for 
the remainder of his life. 
Prof. Page is best known to the scientific world as an elec- 
trician. We have learned, moreover, “from his mother and 
other near friends that he evinced a most remarkable fondness 
for natural science in all its branches at a very early age. 
Once when about nine years old he was missing during a severe 
thunder storm, and on being sought by his anxious friends he 
was found on the top of the house, holding up at arm’s length a 
fire shovel to see if he could not catch a shock of electricity 
from the surcharged cloud!” It has been’related also by his 
early friends that at ten years of age, having begged a lamp 
glass of his mother, he in due time surprised her with a suc- 
cessful electric machine made by himself. Entomology re- 
ceived a portion of his attention while a school boy, and he 
had a passion for botany and floriculture and indulged in it to 
the extent of his ability. Respecting his school and college 
life we extract the following from a communication of Dr, 
Henry Wheatland, President of the Essex Institute, of Salem, 
Mass. “ My acquaintance with C. G. Page commenced when 
we were classmates in the Salem Latin School. At that time 
he had the reputation of being interested in electricity, hav- 
ing made or was making an electric machine. * * * * * The 
same taste followed him in his college course. In our junior 
year several of us, including Page, organized a chemical club. 
Each of the members was expected to lecture in alphabetical 
order. Page lectured on electricity, the air pump, &c. At 
this time he had a large collection of apparatus for a student, 
an electrical machine, air pump, &c. Several of us were also 
interested in natural history, as botany, mineralogy, insects, 
&c. Page was also enrolled in ournumber. After leaving col- 
lege, whilst a medical student, he carried his investigations 
still further, taking up voltaism and constructing batteries of dif- 
ferent kinds, culminating in his extensive researches in 1836, 
or thereabouts, which resulted in producing motion by the 
magnetic power.* During his medical studies he delivered a 
course of lectures in chemistry toa class in the Lyceum Hall. 
Page during his school and college days, was always full of 
fun and frolic and took a lively interest in all boyish occupa- 
tions. He was a leader among the gymnasts, a famous skater, 
a good singer, a loved companion, and a very great favorite 


* Prof. Page, in the American Polytechnic Journal, vol. i, p. 6, attributes the 
invention of the first electro-magnetic engine to Prof. Henry.—t. 
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with all.” To this, Gen. H. K. Oliver, of Salem, his early in- 
structor and friend, adds, “‘I myself remember seeing during 
Prof. Page’s residence here—at his office—a miniature railway, 
an elliptic curve of about twelve feet long and six wide, around 
which travelled a miniature magnetic engine drawing at high 
speed a miniature car.” 

The zeal and activity in the pursuit of electrical science and 
experiment, which marked especially these few years that he re- 
sided in Salem, after completing the study of his profession, 
are evidenced by his numerous contributions to this Journal 
about that time. He had much fertility of invention, and de- 
lighted in mechanical contrivances for the practical application 
and for the interesting illustration, of the laws of electric and 
electro-magnetic action. He was not only a skillful experi- 
menter, well versed in the theory of electricity, but was also a 
ready and spirited writer, and his published papers must have 
contributed greatly to extend the knowledge of, and excite an 
interest in, electrical science. The writer of this notice can 
certainly testify to his own obligations to him in this respect. 

In the year 1836, he made a valuable series of experiments, 
published in the 31st volume, Ist series of this Journal, upon 
the induction of electric currents, following up the previous 
discoveries of Prof, Faraday and Prof. Henry on that subject. 
Prof. Henry (this Journal, 1st series, vol. xxviii, p. 328) had 
obtained sparks and shocks from the “‘ Calorimotor ” by means 
of the induction of the current upon itself in a long copper 
riband wound into a close flat spiral, after having been wrap- 
ped with an insulating covering. Prof. Page repeated and va- 
ried these experiments with a spiral riband an inch wide and 
220 feet long, and made the important step of augmenting the 
intensity of the shock by means of a reduced length of bat- 
tery circuit in conjunction with a greater length of induction 
circuit, the induction circuit being, of course, in part or in 
whole exterior to the battery circuit. Among other forms of 
experiment detailed in the paper alluded to, he obtained the 
shock from a part of the spiral entirely external to the part in 
the battery circuit, which is in conformity with Faraday’s 
elementary observation of the induction of a current upon a 
neighboring conductor, but he ascertained that the greatest 
shock was obtained, with that helix and the battery of a sin- 
gle pair used, when the whole length of the spiral was in- 
cluded in the induction circuit, and a fraction only of its 
length in the battery circuit. He did not offer any theory in 
explanation of this result, but at this day, when the laws of 
the voltaic circuit have become not only known but familiar, 
and since the laws of induction have become better under- 
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stood than they were at the time of which we speak, especially 
from the extensive series of investigations made by Prof. 
Henry about two years afterward, it is easy to see that after a 
given volume of conducting metal has been filled (so to speak) 
with a current by an amount of battery surface proportional 
to the volume of metal, the effectiveness of the resistance of a 
break in the circuit in the rapidity with which it destroys 
the current, is measurably proportional to the smallness of 
the number of plates into which the battery surface is divi- 
ded in series, with the volume of metal disposed in a length 
suitable thereto, and that the intensity of the shock from the 
induction circuit, the length of the latter remaining unchanged, 
will in this way be increased by reducing the length and inten- 
sity of the battery circuit. Or, to state the same otherwise, if 
the spark formed by a break in ‘the induction circuit is to be of 
greater length (resistance) than the short spark formed by the 
break in the battery circuit, the length of the induction circuit 
must be in like ratio greater than that of the battery circuit ; and 
it is in this point of view that Prof. Page himself has stated the 
primary characteristic principle upon which the voltaic indue- 
tion coils depend for their effects. The step made by him in 1836, 
as above mentioned, was, so far as we are aware, ‘the first step 
made in this direction. An account of it was carried to Eu- 
rope by the late Francis Peabody of Salem, and communica- 
ted, rather imperfectly, to the English philosopher Sturgeon, 
in advance of its publication here. This communication 
would appear, by Sturgeon’s account, to have given the first 
impulse to a quite extensive series of experiments made by the 
latter, and, within a year from the time of his interview with 
Peabody, he constructed an induction coil, described in the 
Annals of Electricity for Oct., 1837, vol. i, p. 477, in which the 
battery circuit consisted of an inner helix of rather thick bell 
wire 260 feet long, and the induction circuit of an outer helix 
of 1300 feet of very thin wire. This he used sometimes with, 
and sometimes without, an iron core in the common axis of 
the two helices, and obtained strong shocks in either case. In 
the meantime, however, Prof. Callan of Maynooth College, 

Treland, had been making experiments on an extensive scé ale, 

and had carried the multiplication of the length of the indue- 
tion circuit, as compared with that of the battery circuit, to 
a much greater extent than was done in the coil of Sturgeon, 

just noticed, and his results had been published in Sturgeon’s 

Annals. But in his experiments he used the induction of very 
large solid masses of iron, and by overlooking the interference 
of the electric currents that must be induced in the solid me- 

tallic mass of the electro-magnet, he was prevented from dis- 
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covering one remaining step of primary importance in the im- 
provement of these machines. The electro-magnet and induc- 
tion coil in which he first, and several months earlier, used the 
shortened battery circuit, was in this particular, very nearly a 
repetition of Page’s coil, giving an induction circuit of double 
the length of the battery circuit, but Page preceded him three 
months, as shown by the date of Page’s paper in this Journal 
for Jan., 1837, and that of Callan’s paper in the London and 
Edinburgh Philosophical Magazine for Dec., 1836. Mr. Pea- 
body’s communication to Mr. Sturgeon and Mr. Clarke, is sta- 
ted by Sturgeon to have been made one or two weeks before 
the Bristol meeting of the British Association. This meeting 
took place Aug. 22d, 1836, and Callan’s last mentioned paper 
was dated Maynooth, Aug. 23d, 1836. While, therefore, there 
appears no doubt that Prof. Callan was quite independent of 
Prof. Page in making this important step, it is clear that pri- 
ority belongs to the latter. 

We have thus dwelt at some length upon this subject be- 
cause we have not found it possible otherwise to do justice to 
Prof. Page, and ‘to all most directly concerned. 

Related to this principle, another discovery of interest which 
Prof. Page made in the same series of experiments was that 
the intensity of the shock was increased by making the break 
of the battery circuit (over mercury) take place under a non- 
conducting liquid. The question suggests itself whether this 
observation might not deserve renewed attention. 

In the course of his experiments with the flat spiral he ob- 
tained the spark and the shock from a thermo-electric current 
(this Journal, I, vol. xxxiii, p. 118), and thus added one more to 
the links which Faraday had already supplied to demonstrate the 
identity of thermo-electricity, voltaic electricity, and statical 
electricity. He also succeeded in charging a leyden jar by 
means of the induced current, a result belonging to that class 
of facts which warrants the use of the term current as cor- 
rectly expressive of the actual relation existing between stati- 
cal electricity and voltaic, or dynamic electricity, and after hav- 
ing increased his flat spiral to the length of 320 fect, he even 
succeeded in doing this with a voltaic battery of a single pair. 
It should also be mentioned that he projected the induced cur- 
rent (this Journal for Oct., 1837, p. 355) between charcoal 
points “ before contact.” 

To Prof. Page also belongs the adaptation to the induction 
coil, of the self-acting circuit breaker, that is, a circuit breaker 
operated by the current itself. The circuit breaker he first 
used (1836), was Barlow’s spur wheel, which turns between 
the poles of a permanent horse-shoe magnet. Soon afterward, 
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(this Journal, 1st series, vol. xxxii,) he contrived several other 
forms of self-acting circuit breakers, one of which consisted of 
a miniature vibrating lever moved by the action of the current 
and so limited and regulated in the extent of its motion by a 
set screw as to give it the exitremest rapidity of oscillation de- 
sired, The breaking of the circuit of a voltaic current by the 
action of the current itself was done some years previously in 
the electro-magnetic motor of Prof. Henry, already mentioned, 
but Prof. Page appears to have been the first to contemplate 
the availability of this mode of action to produce the extreme 
rapidity ot alternation called for in these induction machines,* 
and to make and bring before the public a construction em- 
bodying this idea. This early instrament is, in this respect, 
the type of the self-acting circuit breakers now very generally 
used with the voltaic induction coil. 

The discovery of the remarkable effect produced by substi- 
tuting iron wires for a solid iron bar in induction coils, was 
made by Sturgeon, by Bachoffner, and by Page, all indepen- 
dently of each other, but the discovery by the English phi- 
losophers was prior in time. In April, 1838, Daniel Davis, Jr., 
of Boston, made, under the direction of Prof. Page, a coil ma- 
chine embracing all the discoveries and improvements made up 
to that time by himself and others, including a provision for 
making the break of the battery circuit under a liquid ; and 
with some variety in the accessory details these machines were 
soon manufactured in large numbers in this country. The 
only considerable improvements made since that time, apart 
from the construction by Ruhmkorff upon a greatly enlarged 
scale, are the invention by Fizeau of the condenser, as it is 
rather inaptly called, and Richie’s improved mode of winding 
the secondary, or induction, coil of fine wire, so as to divide, 
in an extreme degree, the strain upon its insulation. 

The United States Government has testified its appreciation 
of Prof. Page’s share in the invention and development of this 
class of machines, by the enactment of a special law author- 
izing the grant of a patent, at the discretion of the Commis- 
sioner of Patents, which accordingly was issued to him in the 
last days of his life, after going through the usual course of 
examination in the Patent Office. 

* To guard against all possible injustice, we extract the following from Prof. 
Henry’s paper in vol. xx, 1831, of this Journal, as republished by Prof. Page in 
the American Polytechnic Journal, vol. i, p. 6, premising that the oscillating 
electro-magnet of Henry’s motor was “ about seven inches long, and movable on 
an axis at the center.” ‘If the tumblers be filled with strong diluted acid, the 
motion is at first very rapid and powerful, but it soon almost entirely ceases. By 
partially filling the tumblers with weak acid, and occasionally adding a small quan- 


tity of fresh acid, a uniform motion at the rate of seventy-five vibrations in a min- 
ute, has been kept up for more than an hour.” The italics are ours.—L. 
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Another machine constructed by Prof. Page, and described 
in this Journal for Oct., 1838, consisted of a U-formed electro- 
magnet of iron wires, around this an extra coil of wire for in- 
duced currents in addition to the coil for the battery current, 
and an iron armature made to rotate before the poles of the 
electro-magnet, together with a rotating circuit breaker for the 
battery current made adjustable on the shaft of the rotating 
armature. Induction could be produced in the extra coil of 
wire, without breaking the battery circuit, by the magnetic 
disturbance consequent on the pagsage of the rotating arma- 
ture across the poles of the electro-magnet. But on bringing 
into play, and properly setting, the breaker of the battery cir- 
cuit, the motion of the armature was maintained by the bat- 
tery, and by leaving opened or leaving closed the circuit of the 
extra, or induction coil, and varying the set of the rotating 
circuit breaker on the armature shaft, some curious and in- 
structive results were produced in illustration of the influence 
of induced currents upon the motion of electro-magnetic en- 
gines, for the detail of which we must refer to the paper al- 
luded to. 

In the same volume of this Journal he also describes a mag- 
neto-electric machine, similar to the machine of Saxton, which 
he constructed on a large scale, and in which he provided the 
rotating pair of armatures with commutators by which the al- 
ternating induced currents of the armature coils were made to 
pass all in one direction through a conductor joining the ex- 
tremities of the wire of these coils. The armatures were 
straight iron bars ten inches long, parallel to the axis on which 
they rotated, and covered, each, with 800 feet of No. 20 cop- 
per wire, and were placed between a pair of powerful com- 
pound permanent magnets, one at each end of the armatures. 
The two coils could be used as 800 feet of double wire, or 
1,600 feet of single wire. With this machine water was de- 
composed very rapidly, and by breaking the circuit of the coils 
a half inch spark was produced, and a variety of interesting 
results is detailed which we have not room to repeat here. 

Another magneto-electric machine constructed by him, and 
still more remarkable for the results obtained with it, is the 
subject of a notice in the Patent Office Report, for 1844, re- 
produced in the 48th vol., 1st series, of this Journal. By the 
current from this machine an electro-magnet was charged to 
such a degree as to sustain one thousand pounds. Unfortu- 
nately, no complete description of the machine is in existence 
so far as we know. The machine itself was presented to the 
Smithsonian Institution, but was destroyed by the fire that 
swept away a part of the contents of the building a few years 
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ago. It was, however, similar in its general construction to 
the last mentioned machine, except that the helices around the 
rotating armatures were “ made up of a series of copper discs, 
instead of wires, each disc being split, and one of its split 
edges joined to the edges of the adjoining disc.” Prof. Page 
has also informed us (History of Induction, p, 124), that “ the 
steel magnets weighed about sixty pounds each, and when first 
charged would each sustain its own weight,” and that “ the 
combined lifting power was not at any time more than one 
hundred and thirty pounds.”, It is obvious that the length of 
conductor in the helix of this construction was comparatively 
small. Of the length and size of the wire that surrounded 
the electro-magnet of one thousand pounds we find no direct 
information. But that the length was far greater than the 
virtual length of the rotating armature helices of the machine 
is fairly deducible, we think, from the result. The current in- 
duced in the rotating armature helix must be generated in a 
half revolution, and the limit which is set to its quantity by 
its induction upon itself, and by its reaction upon the magnet- 
ization of the armature, is the same for all velocities of rota- 
tion however great. But if a resistance interposed between 
the terminals of the helix prevent the current from reaching 
that limit of quantity, the electro-motive force with which it 
will break through that resistance may be increased indefinitely 
by increasing the velocity of revolution. Hence, an outside 
wire joining the terminals of the helix, provided only the cur- 
rents of the helix are discharged, by means of a pole-changer, 
in one constant direction through this outside wire, so that 
there is no induction in it of the current upon itself, may have 
its length greatly multiplied beyond that of the helix conduc- 
tor, without any proportionate reduction in the quantity to 
which the current is at any rate limited. Hence the powertul 
electro-magnet that can be produced by forming this length- 
ened outside wire into a coil around an iron bar. Admitting 
that this must be, in fact, the principle of action to which 
Prof. Page resorted in producing an electro-magnet of a sus- 
taining power of 1,000 pounds, from magnets whose united 
sustaining power was not over 125 or 130 pounds, we have in 
this result one main element of the recent famous Wilde ma- 
chine, which uses the powerful electro-magnet so formed, for 
the magnet of a second magneto-electric machine. 

The “History of Induction,’ to which we have referred 
above, a work of 124 octavo pages, was written by Prof. Page 
in the last year of his life, while laboring under his fatal mal- 
ady, and contains a detailed history of discovery and inven- 
tion relative to this branch of electrical science. 
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The greatest enterprise of Prof, Page’s life was his effort to 
introduce electro-magnetism as a substitute, to a greater or 
less extent, for steam power. He was an original, though not 
the first projector of electro-magnetism as a motive power, and 
his first investigations on that subject were made in the latter 
part of 1836. In 1839 he published in this Journal, vol. xxxv, 
p. 106, a very instructive paper on the conditions of action in 
electro-magnetic engines composed of electro-magnets. The 
peculiar difficulties of this class of engines led him to rely 
more on the force with which the pole of an electro-magnet 
is drawn into its magnetizing helix. The availability of this 
force for electro-magnetic motors, as we learn from his own 
account, suggested itself to him on seeing an electro-magnet 
of Mr. Vail, in which the minute force exhibited by an iron 
needle drawn into a small helix, was augmented to half or 
three quarters of a pound, though the electro-magnet and he- 
lix were still of quite small size. Our friend was quick 
to perceive that on further increase of the size, a prodi- 
gious development of the force was to be expected, being 
in somewhat duplicate ratio, and that this form of force 
offered far greater facilities for combining the force with 
a wide range of motion, than does the mutual action be- 
tween pieces of magnetized iron, He accordingly projected 
an engine in which a large range of motion is obtained by 
making the pole of the electro-magnet traverse the axis of a 
number of wire coils in series, the voltaic current being sent 
first through one coil, next through a second, next through a 
third, and so on, following the pole of the electro-magnet. 
A small engine of this description was constructed, with the 
aid of means furnished by a friend, about the year 1846. It 
contained a pair of reciprocating U-shaped electro-magnets 
formed of one-inch round bar iron, and these were formed 
with brass connecting pieces, into one moving piece, in such a 
way as to come into action alternately with each other. The 
writer was present at a trial of this engine in July, 1848. The 
Grove’s battery used contained fifty platinum plates, each four 
inches square. The same reciprocating engine with, we be- 
lieve, the same battery, was also exhibited in a short course of 
public lectures on electricity and electro-magnetism which he 
delivered in Washington in the month of February, 1849. 
On that occasion, in presence of a committee of the U. 8. 
Senate headed by Mr. Benton, the engine was used to drive a 
small planing machine, and pieces of board a few feet long 
and three or four inches wide were planed. On the same oc- 
casion a bar of iron weighing fifty pounds was lifted by its 
magnetizing helix, It is worth stating, as illustrative of his 
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experimental judgment and tact, that though this last is but 
the second advance step he is known or believed to have made 
beyond the scale of the one-inch round bar of the engine, the 
writer had the opportunity to admire the success of both steps 
at the first trial of each. On the Ist of March the same en- 
gine was employed to run at the rate of 1,200 impressions per 
hour, a single Napier printing press, bed 24 by 41 inches, with 
14 square feet of printed page at each impression. The Senate 
committee were so favorably impressed with the experiments 
they had witnessed that on their report an appropriation was 
made by Congress to defray the expense of experiments upon a 
large scale. Operations were immediately commenced. Nu- 
merous preparatory experiments were made with iron bars of 
various sizes and qualities of iron, solid and hollow, in one 
series with the bars motionless in their magnetizing helices, in 
another series with the bars moving ina small experimental 
engine specially constructed for the purpose. Itis much to 
be regretted that the record of these preliminary experiments 
has been lost. And, indeed, of the great engines afterward 
built, and the experiments made with them, with the excep- 
tion of a few, the records remaining, mostly already published, 
are very incomplete, In the course of his ‘experiments large 
round iron bars, hundreds of pounds in weight, were lifted 
from the floor by their magnetizing helices, with more than 
the weight of a full sized man in addition. Of one experi- 
ment the result is thus stated by Prof. Page, in a letter to 
the editors noticed in this Journal for Jan., 1851. ‘“‘ The bar 
weighing 532 pounds placed within the helix, is made to start 
up in the coil and vibrate in the air without visible support. 
It requires a force of 508 pounds additional to its own weight 
to pull it out of the helix, so that it is equivalent to lifting a 
bar in the helix, of 1040 pounds in weight.” Oollating this 
with his Report to the Secretary of the Navy, copied in vol. 
x, 2d series of this Journal, from the National Intelligencer 
of Sept. 4th, 1850, where mention is made of bars from two 
to eight inches in diameter, and generally three feet in length, 
we conclude that this bar of 532 pounds was eight inches in 
diameter, and consequently about three feet in length. 

The first large engine built, or at least the first of which 
we are able to give anything like a particular account, had a 
pair of round iron bars, each six inches in diameter and three 
feet long, balanced against each other in a two foot vertical 
stroke by means of opposed cranks ona common fly wheel 
shaft. The lower end of each bar played in the vertical axis 
of what was in effect a single continuous coil of large square 
copper wire, and the outside diameter of the coil, to the best 
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of the writer’s recollection, must have been not far from fifteen 
inches, But the coil was composed of a large number of very 
short sections, of an axial length or thickness of something 
like perhaps three inches each, made separately and joined end 
toend, with a flat metallic contact piece connected to each join- 
ing, for contact with one pole or the other of the battery. The 
several contact pieces formed together a continuous plane sur- 
face from end to end of the entire coil, with the exception of 
spaces between them sufficient to secure them from contact 
with each other. Over these contact pieces travelled the poles 
of the battery, taking their motion direct from the iron bar, — 
the one pole near the lower, or advancing end of the bar, and 
the other pole above or in the rear (this was the arrangement 
in effect, though in this one machine there was a separate line 
of contact pieces for each pole), so as to include between them 
and take simultaneously into the battery circuit a number of 
short sections of the coil around the advancing end of the 
bar. In this way, during the downward stroke, a single short 
section at a time would be taken into the circuit in advance, 
and a single short section at a time dropped off in rear. So 
far the induction sparks, which gave the Professor great 
trouble, were rendered comparatively light. The difficulty, 
however, in dropping the current entirely off at the end of 
the stroke still remained, particularly in this one engine in 
which the magnetism of the bar was not kept up, and in 
which, if the recollection of the writer is correct, the upward 
stroke was not used. Even in the engines which succeeded 
this, and in which the magnetism of the bar was kept up by 
using both strokes, the transfer of the current from one end 
of the bar to the other was not effected without a still re- 
maining very heavy spark, very destructive to the contact 
pieces employed for this purpose. We shall see that he after- 
ward devised what he thought a partial, but what we think 
would have been found a pretty complete remedy for this diffi- 
culty, though too late to carry it into effect. 

After a variety of experiments with this engine, it was 
taken down “and its available parts employed” in construct- 
ing a horizontal reciprocating engine of two foot stroke. 
Whether in this last were used the identical coils and one of 
the bars (six inch) of the upright engine we are not able to 
affirm, but it appears that a single bar was used, with coils at 
each end, so as to keep up the magnetism of the bar by their 
alternate action upon it in the direct and return stroke. The 
coil at each end of the bar in this machine had precisely 
the same serial arrangement that either coil had in the upright 
engine just described, and substantially the same way of trans- 
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ferring the battery circuit along the serial coil, This horizon- 
tal double acting engine was exhibited in a public lecture at 
the Smithsonian Institution, where it was employed to do 
some mechanical work, sawing we believe. Systematic exper- 
iments were, however, made to measure its power. The ex- 
periments of which we have the most complete account were 
conducted by the late Prof. Walter R. Johnson, and his re- 
port of them appears in the Appendix to the 10th vol., 2d se- 
ries, of this Journal. According to his determinations, which 
seem sufficiently reliable, though not very exact, the engine 
‘made, in his experiments, about seven horse-power at the max- 
imum. In a letter to the Editors of this Journal, Prof. Page 
announces that the engine had subsequently reached ten horse- 
power. The inquiry will of course arise what fractional part 
this engine realized of the whole power due to the galvanic 
current of the battery used, which, if the determination of 
Petrie in 1850, may be relied on, is one horse-power for one 
and a half (1:56) pounds of zinc per hour consumed in a Dan- 
iell’s battery, or about six tenths of that weight consumed in 
a Grove’s battery. This point does not appear to have been 
tested at all in the experiments made by Prof. Johnson. Some 
observations were made by Prof. Page himself and his chief 
engineer, of the consumption of zinc to the horse power in one 
of the engines tried, but it was our impression at the time 
that they were not carried far enough to give reliable results. 
In fact Prof. Page thought these tests of less importance than 
attention to the working of some of the details of the engine, 
and in an important sense he was right in this, since the theo- 
retical mechanical equivalent of zinc consumed is best found 
without an engine, and the elementary conditions of high eco- 
nomic efficiency in the action of the galvanic current in these 
“axial engines” are easily recognized. One of these is to 
avoid the waste of power in heavy induction sparks, and to 
the subject of these induction sparks he gave a great deal of 
attention, though, till after the close of his experiments, he did 
not hit upon a method of getting rid of the particularly heavy 
induction spark at the end of the stroke. Subsequently, how- 
ever, he devised and described in the American Polytechnic 
Journal, vol. i, p. 369, a device by which this may be effected. 
By this device no coi/ circwit need be broken with a current 
in it, and we do not think, as he seems to, that its use need be 
restricted to a slow motion of the engine. We also believe 
that he modestly overrates the objection to the momentary 
closing of the battery, incident to this device, in a short cir- 
cuit or by a resistance wire, and the spark from the immediate 
breaking of the battery circuit so formed. Ifa resistance wire 
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be used, its induction, as is well known, can be almost de- 
stroyed by doubling it upon itself. 

Although Prof. Page failed to realize his first cherished hope 
of seeing electricity take the place of steam for a motive power 
on a large scale, for which he underwent so much labor, and 
for the pursuit of which he relinquished his hold upon a lucra- 
tive office, yet his labors had this result ; the concentration 
within a moderate space, and by simple means, of a large 
amount of electro-motive mechanical power, and so soon as a 
galvanic battery shall be discovered which is easy to manage at 
the same time that it gives its current by the consumption of 
cheap materials, or as incidental to some extensive chemical 
manufacture,* his engine is ready we think to perform a large 
part of the work done by the steam engine. 

In the electro-magnetic locomotive, which our readers will 
remember, two engines were used to act upon the driving wheels 
at quarter crank. These engines did not differ essentially in 
their construction from the stationary engines last described. 
The locomotive did not allow of any exact measure of the 
power, and was intended chiefly as a demonstration to the 
public, so that the single trip which was made with it added 
little to the results already obtained with the stationary engine. 
Unluckily, the credit of the experiment with the public was 
greatly marred by a series of accidents in the rupture of porous 
cells in the Grove’s battery, and in the encounter of repeated 
obstructions and delays on the track, so that although, accord- 
ing to the timing of the driving wheels by a gentleman on 
board, on what was said to be a level track, the highest speed 
noted was 19 miles per hour, the whole time occupied by the 
entire trip from Washington to Bladensburg and back, a dis- 
tance of five miles, or a little over, from place to place, was 
about two hours and a half. To those who, with the writer, 
were on board, it was evident the machine could give a better 
account of itself than this. But the battery was now seriously 
reduced by the loss of porous cells which could not be replaced, 
and Prof. Page found that his expenditures over and above the 
appropriation from government, had left him at this unsatisfac- 
tory point without means to perfect the experiment. The 
Grove’s battery used in this locomotive trip, before it was re- 
duced by the breakage of cells, contained one hundred plati- 
num plates of between 100 square inches and 1 square foot 
each, These particulars are derived partly from the writer’s 
own recollection, and partly from the account of the locomo- 


* The utilization of battery products was a subject frequently discussed by 
Prof. Page. 
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tive and trip given by J. J. Greenough, Esq., in the American 
Polytechnic Journal, vol. iv, p. 257. 

Of the experiments subsequently made in a course of lectures 
delivered in New York city, some account was given in the 
Scientific American, and they need only be mentioned here, as 
they were chiefly a repetition of such as we have already de- 
scribed. 

The grand scale on which these experiments were conducted 
afforded a rare opportunity for observing some very interesting 
and instructive incidental phenomena, which were published 
by Prof. Page partly in this Journal at the time, and partly in 
the American Polytechnic Journal, and are worthy to be re- 
called here. When the battery circuit through the great coil 
around the great electro-magnet was broken, the prolongation 
of the falling current by the induction upon it of itself and of 
the falling magnetism, became so extraordinary as to be dis- 
tinctly cognizable to the senses, and when the battery was cut 
out by making metallic contact of the extremities of the coil, 
then a renewed break in the metallic circuit showed a spark at 
any time within half a second. With the coil alone he esti- 
mated the time of the rise and fall of the current, by aid 
of a metronome, at ith or 1th of a second, and with the soft 
iron bar included at from 4 to #ths of asecond. He concluded 
that the time of fall of the current on breaking the battery 
circuit was about the same as the time of rise of the current. 
But the time of rise, with abundant battery surface, is prob- 
ably about the same as the time of fall in the closed metallic 
circuit, and hence it seems probable the result mentioned was 
incidental to the intensity of the particular battery used, which 
may have been somewhat equal to the resistance of the “are 
of flame.” In the case of the electro-magnet of 532 pounds, 
before mentioned, he found the “full time required to charge 
this magnet and raise the voltaic current to its maximum” 
to be two seconds, “ Nine-tenths of the charge is attained in 
one second,” 

When the break of the circuit took place at a distance from 
the electro-magnet, the induction spark, though heavy from 
the quantity and unusually long continuance of the current, 
was quiet ; but when the break was made near the pole of the 
electro-magnet, the connecting wires being drawn somewhat 
quickly and widely asunder, the conflict of the current in the 
opening with the powerful deflecting force of the electro-mag- 
net was very remarkable, and produced a loud report, and vivid 
flash of light. Prof. Page varied and studied the conditions 
of this interesting phenomenon with considerable care, and 
described them in this Journal for March, 1851. 
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Of similar interest are other phenomena of which we extract 
the following account from a paper by him in the American 
Polytechnic Journal, vol. i, p. 305, on the subject of the diffi- 
culties encountered in the great electro-magnet engines, from 
the destruction of metallic contact pieces by the induction 
sparks. ‘‘In the attempt to remedy this defect, our first ef- 
forts were directed to the entire suppression of the combustion. 
The current was first broken under oil, naphtha, and other hy- 
drocarbons, with the expectation that the absence of oxygen 
would give a favorable result. To our surprise, however, we 
found that when the current was broken between two metallic 
surfaces entirely covered with oil, the consumption of the metal 
was much greater than when the break occurred in the air be- 
tween clean metallic surfaces. The hydrocarbons were rapidly 
decomposed by the intense heat, and a black powder formed 
which appeared to be a carburet of the metal, though it was 
not chemically examined. This curious result we explain as 
follows :— The hydrocarbons are non-conductors of electricity 
and heat, and when the metallic surfaces are separated, the 
secondary spark is concentrated, and its action upon the metal 
becomes topical and intense. The action is analogous to that 
in the familiar experiment of perforating a glass bottle with 
the electric spark ; a very feeble spark passing through oil, be- 
ing sufficient to make a hole through a thick glass bottle. When 
the secondary current is one of great power, the oil is thrown 
about with considerable force. To illustrate this, we broke the 
circuit under oil contained in a small cavity in a block of wood, 
having first driven by a hammer a small bullet into the cavity 
over the oil. The spark from a large magnet drove the bullet 
out with some force. 

“We next tried breaking the circuit in the following manner: 
—We procured two thick plates of glass, ground carefully to- 
gether so as to exclude the air from between their surfaces, 
Through each of these plates we drilled a hole one quarter inch 
in diameter, and when the plates were so arranged that the 
holes corresponded with each other, they were filled with mer- 
cury in the following manner :—The under side of the hole in 
plate , fig. 1, was stopped by a plate of copper, and mercury 
then poured in so as to form one column. Another plate of 
copper was laid over the hole in plate a, and thus between these 
two plates of copper there was a complete metallic circuit. 
The proper connection being formed, it will be seen that by 
sliding the plates a and b upon each other, the mercury in a 
must separate from that in 6, and the break produced under 
the entire absence of air. Here occurred a brilliant and unex- 
pected phenomenon, Whenever the break was made, the spark 
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was intense, and it was soon noticed that the glass around the 
edges of the holes was undergoing decomposition, and upon 
separating the plates, loose gritty particles were found between 
them, and their surfaces furrowed so as to present the appearance 
represented in fig. 2. The mercury was also oxydized at the 
expense either of the alkali or silicic acid of the glass. The most 
interesting result, however, of this experiment, was a fitful repe- 
tition of sparks after the circuit was broken. That is, the sec- 
ondary sparks were kept up in quick succession without any 
repetition of contact. It would be foreign to our present pur- 
pose to discuss now the cause of this singular phenomenon, 
We next tried breaking the circuit in vacuo, in the ordinary 
mode of producing the arc of flame in the receiver of an air 
ump. But we were also bafiled here. The metals were rap- 
idly wasted by mere volatilization from the intense heat.” 

Of the large number of machines invented by Prof. Page 
in the early part of his career, illustrative of electrical science, 
we cannot in this notice even give a list, Among the instru- 
ments of his invention we will mention, as not having been de- 
scribed in this Journal, a voltameter of very convenient use, 
which measures the volume of the gas by that of the displaced 
liquid. This is described in the American Polytechnic Jour- 
nal, vol. ii, p. 15. 

Among his earlier discoveries, in 1837, was the production, 
in a horse-shoe magnet, of musical vibrations, like those of 
a tuning fork we believe, by the establishment, and espe- 
cially the interruption, of a voltaic current in a flat spiral 
placed between the prongs of the magnet, with the plane of 
the spiral at right angles to the line of the poles of the mag- 
net. A year or two afterward he made a series of experi- 
mental investigations on the action of the voltaic battery, 
which were published in this Journal, 

While engaged in his college lectures as professor of chem- 
istry, he discovered the curious action of the rocking of a 
rounded metallic bar, laid across a pair of parallel horizontal 
metallic rails, made to form the poles of a voltaic battery. 
The action is apparently similar to that of the heated brass 
bar of Trevelyan, rocking upon a cold plate of lead. But the 
new voltaic experiment does not depend upon dissimilarity of 
composition in the bar and rails, which may be all of the same 
metal, though it may depend, as its discoverer supposes, upon 
heating at the points of contact. The rocking of the bar is 
maintained by the passage of the voltaic current through its 
points of contact with the rails, at which it shows frequent 
slight sparks. This experiment was reproduced about ten 
years since by the English philosophers, with some variations, 
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but they must have overlooked the much earlier discovery of 
Page, as they made no mention of it. 

After the close of his experiments with electro-magnetic en- 
gines, he discontinued, for the most part, his labors in electri- 
cal science, and devoted himself largely to horticulture, in the 
rural homestead where he then dwelt, near the suburbs of the 
city of Washington. It was here that he had conducted the 
greater part of his experiments on electro-magnetic power. It 
was here, too, that during the war of the rebellion, a party of 
soldiers broke into an outhouse containing the most of his 
philosophical apparatus, and destroyed nearly the whole, the 
accumulation of thirty years labor, little thinking, and, it may 
be feared, too little caring, that their owner was as good a friend 
as our government had. 

Professor Page was married to Miss Priscilla 8. Webster in 
1843, who survives him with three sons and two daughters. 
He always took a lively interest in the great questions of 
the day, and in his home circle, and in all the relations of life, 
he was ever distinguished by the same lively geniality and ami- 
ability of temper that was so characteristic of him in his 
school and college days. L. 


Art. II.—On Hortonolite, a new member of the Chrysolite 
group; by Gro. J. Brus, with measurements and observa- 
tions on the crystalline form of the mineral, by Joun M. 
BLAKE. 


SEVERAL years since Mr. Silas R. Horton called my attention 
to peculiar dull black crystals from an iron mine at Monroe, in 
Orange county, New York. On a simple inspection I deter- 
mined that the crystals represented two species, the one, 
magnetite, in dodecahedrons ; the other a prismatic mineral 
with somewhat rounded planes, which I took to be pyrox- 
ene. At the time I was deterred from making a chemical 
examination of the latter mineral by the fact that the crystals 
appeared to be very impure from admixture with magnetite 
and graphite. Ihave, however, never been quite satisfied that 
it was correctly determined, and on recently selecting with 
care a portion of the substance free from impurities, it proved 
to gelatinize with acids and to have the pyrognostic charac- 
ters of an iron chrysolite ; and on a more careful examination 
of the crystals they seemed to be orthorhombic rather than 
monoclinic, a conclusion confirmed by Mr. Blake’s measure- 
ments, further on. 

The mineral has a yellow to dark yellowish green color on the 
fresh fracture and a vitreous to resinous luster, although the 
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crystals have a black coating and are quite dull. In large 
masses the mineral is sometimes nearly black, but on the thin 
edges by transmitted light the color is almost honey-yellow, 
Minute specks of magnetite are disseminated through the mass 
with occasional flakes of graphite. The crystals are some- 
times imbedded in calcite, as also associated in cavities with 
dodecahedral magnetite. They are frequently half an inch 
long by one quarter broad and one eighth of an inch thick, 
in some instances much larger. H. = 6:5. Sp. gr. = 3°91. 
Before the blowpipe in the closed tube no change takes place ; 
in the open tube and on charcoal the mineral becomes dull and 
magnetic, and fuses in the platinum forceps at 4; with borax 
and salt of phosphorus, it reacts for iron and silicic acid, and 
with soda for manganese, The pulverized mineral forms with 
chlorhydric acid a gelatinous mass and is almost completely 
decomposed. Qualitative analysis showed the presence of silica, 
protoxyd of iron, manganese and magnesia, with a minute quan- 
tity of potash and a trace of lime. It was found by pul- 
verizing the mineral and suspending the fine powder in water 
in a beaker and stirring with an electro-magnet of soft iron, 
that the magnetite could be completely separated from the sili- 
cate. Two quantitative analyses made on material thus pre- 
pared gave Mr. Wm. G. Mixter— 
2. Mean. Oxygen. 

Silica, 33°52 33'66 33°59 17°91 

Ferrous oxyd, 44°28 44°46 44:37 9°85 | 

Manganousoxyd, 4°72 3°98 4°35 98 | 

Magnesia, 16°79 16°56 16°68 6°67 17°56 

Lime, trace trace 

Potash, 47 39 06 

Ignition, 26 26 26 

99°87 99°39 99°64 

These analyses represent two different samplings by means 
of the electro-magnet, and demonstrate that the method of 
purification was as perfect as could be desired. In the decompo- 
sition by chlorhydric acid it was found that the silica separated 
contained a very small portion of undecomposed mineral, and 
this was consequently fused with carbonate of soda to effect a 
complete decomposition. The iron was separated as basic ace- 
tate, redissolved and reprecipitated ; the manganese in the solu- 
tion was oxydized and separated by bromine, then redissolved 
and precipitated as phosphate. The magnesia was weighed as 
pyrophosphate, and the alkali determined by Smith’s method. 
A spectroscopic examination of the concentrated chlorhydric 
solution showed sodium, potassium and calcium lines only. A 
direct determination of the protoxyd of iron on mineral selected 
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as free as possible, by aid of the magnifier, from magnetite, gave 
42°69 per cent ; this, considering the difficulty of selecting abso- 
Iutely pure material and the fact that the mineral, although 
almost entirely, is not completely, decomposed by acid, shows 
that the iron is most probably present only as protoxyd. 

The calculation of the oxygen for the mean of the two analy- 
ses gives the ratio of Si: 8 as 17°91 : 17°56 or 1:1, in which the 
relation of the iron to the magnesia is very nearly as 3: 2, and 
the composition of the mineral is that of an iron-magnesia- 
manganese chrysolite. In chemical composition this member 
of the chrysolite family is between hyalosiderite and fayalite, 
although it differs very materially from both, as will be seen by 
comparing the analysis with these and allied varieties. 

Si Al Fe Mn Mg Ga K Gu 
. Hyalosiderite, 31°68 2°21 29 71 0:48 32-40 —— 2°79 —— Or tr=99-22, W. 
. Dalarne chrysolite, 35°20 1°93 35-55 0.58 2624 --- —— tr. Ni,Sn tr.=99°51, 8. 
. New chrysolite, 33:59 -—— 44°37 4:35 16°68 tr. 039 -— =99°64, Mixter, 
. Eulysyte “ 29 16 1°56 55°87 8:47 — —— =100:58, Erdm. 
. Fayalite, Fayal, 2827345 6380 tr. 0-45 — 1-29 FeS335=100°61,R. 
1. Hyalosiderite, Walchner, Schweigger, Journ. xxxix, 65. 2. Analysis made 


by Struve, given by Svanberg in Ak. H. Stockholm, 1848, p. 2. 8. This article. 
4, A. Erdmann, Min, 278. 5. Rammelsberg, Min. Chem., 435. 


The new mineral contains more iron than hyalosiderite, with 
a correspondingly smaller amount of magnesia, while the oppo- 
site is true with fayalite. It more nearly approaches the vari- 
ety of iron-manganese chrysolite described by Erdmann as oc- 
curring near Tunaberg in Sweden, associated with garnet and 
augite forming a rock which has been named euwlysyte; from 
this, however, it differs in containing 13 per cent more magne- 
sia, and about 16 per cent less iron and manganese, and no lime. 
The mineral therefore, forms a marked variety of iron-magnesia- 
manganese chrysolite. 

In view of these facts, it is proper to designate this new vari- 
ety with a special name, and I[ propose for it the name Hor- 
tonolite, after Mr. Horton, who first discovered the mineral. If 
found in quantity, this may prove to be a valuable iron ore, if 
smelted with more basic or calcareous ores. It is free from 
undesirable impurities, while it contains a considerable amount 
of manganese. There is reason to believe that it may occur in 
sufficient abundance to be of economic importance. 

It gives me pleasure to acknowledge my indebtedness to Mr. 
Horton for kindly supplying me with specimens of this mineral 
for examination; to Mr. W. G. Mixter, assistant in the Sheffield 
laboratory, for aid in the chemical investigation ; and to Mr. 
John M. Blake for his discussion of the crystallographic char- 
acters of the mineral which here follows. 
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2. Observations on the crystalline form, optical characters, 
and cleavage of Hortonolite; by Joun M. Buaxe, 


The examination and measurement of crystals of Hortonolite, 
which were placed in my hands for this object by Prof. Brush, 
show unmistakably that the mineral belongs to the chrysolite 
group. A comparison was made with other members of the 
group, to determine its relation to them. For this purpose, 
several species were measured, crystals having been placed at 
my disposal by Prof. Brush. The points compared were the 
occurrence and proportional development of planes, and to 
some extent the optical properties and cleavages. This exami- 
nation is not yet completed, but it being desired that a descrip- 
tion of this mineral should be furnished as soon as possible, the 
results must be given in a form that will require the least expla- 
nation, For the present purpose, the symbols of Des Cloizeaux 
are adopted, so that comparison can be more readily made with 
the figures in his mineralogy. It will be noticed that the 
* vertical prism” is differently selected. 

The observed planes on this variety, are: h', g', e', a', g’, 
64 and 7; or in Dana’s symbols: O, 2-7, 7-2, 1-2, 1-7, 1-2 and 1-7. 

A deposition of some foreign substance had destroyed the 
brilliancy of the planes, and this could not be entirely removed 
so that they would give perfect reflections ; and, besides this, 
some parts of crystals appear to have been originally rounded. 

Fig. 1 is proportioned from some of the larger crystals. 
They were partially imbed- 
ded, so that but a portion of 
the planes could be distin- 
guished on any one of them. 
The intersections with the 
other planes satisfactorily de- 
termined the planes 62, on 
these particular crystals, 

Fig. 2 is a common form of 
the medium-sized crystals. 
The upper pianes on the front side, can be explained as the 
planes 7. The directions of their intersections with e' and an 
approximate measurement of their inclination on g' leaving 
little doubt of their identity with this plane. The goniometer 
readings were as follows on this crystal. 

For the prismatic zone: g', 0°; e', 65° 35’; e', 116° 15’; g’', 
181° 20’; e', 245° 50’; e', 295° 15'?, g', 0° 45’. 

For zone 2, including the front upper planes: g', 0°; 7, 78° 
to 80°; 7, 100° to 101°; g', 178°. 

Zone 3, including the back, upper planes: g', 0°; 02, 69°; 
a', 90°? b$, 110°. 
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From the first zone the average inclination of g' on e' is 65° 
(normals) ; Brooke and Miller give 65° 2’. From the second 
zone we have 7 on g', 77° to 80°; B. and M. give 79° 40’. 

From zone 3: g' on b3, 69° to 70°. The same authority 
give 69° 57’. The following readings were taken from another 
crystal having the planes g* better defined: g', 0°; g*, 320°; 
h', 268° 20’; g*, 220° 30’; g' 179°. From this the average 
for g' on g® is 40° 45’; B. and M. give 40° 27’. 

An examination of the measurements above recorded will 
show that although the mean values deduced from them ac- 
cord well with the angles of chrysolite, yet there is some varia- 
tion when the angles are taken singly, This variation is not 
greater than the imperfections of the planes gave reason to 
expect. 

It is probable that the planes 7, a', and b$, occur together 
on some of the crystals. These planes lie very near together, 
and a slight rounding of the crystal might be expected to 
obliterate them. Fig. 3 represents an occasional form. It is 
introduced to show the variation in crystals upon the 
same specimen, Another small crystal had the pris- 
matic planes nearly equal in breadth, and g* largely 
developed, while the other terminal planes were 
rounded, 

Notwithstanding this great variation in develop- 
ment, the crystals do not at all resemble those of 
hyalosiderite in habit ; neither do they resemble cer- 
tain crystals occurring as furnace products, which I 
have directly compared with them. 

The crystals appear black externally, but some small portions 
are found which are transparent in thin sections, and have a 
yellowish color. A portion was selected from a section parallel 
to g', which admitted of an approximate measurement of the 
separation of the optical axes. The acute bisectrix was found 
perpendicular to g', and the axes to lie in a plane parallel to 
h', Their separation was, from 83° to 86°, measured in olive 
oil. 

The smallness of the transparent part of the section and 
the presence of one or more oblique cracks in its interior, ren- 
dered it difficult to determine satisfactorily the direction of 
the dispersion of the axes, but it was judged that the separa- 
tion of the red rays was greater than for the violet about the 
bisectrix normal to g'. This agrees with Des Cloizeaux’s ob- 
servations on the dispersion and plane of the axes in a speci- 
men from Torre del Greco, and in tephroite. In the former 
he found the separation to be 86° to 87° about a bisectrix nor- 
mal to p, and in tephroite the separation of the axes for the 
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red rays was 83° 41’, and 80° 29’ for the blue, measured in oil. 
The bisectrix in this case being negative, and normal to g’. 

For comparison, a measurement was made of olivine occur- 
ring in lava from the Sandwich Islands, and the separation of 
the axes about the normal to g' was found 107°; in a fur- 
nace product 68°. Both were measured in olive oil. Reducing 
the measurement on the chrysolite, from Torre del Greco, to the 
same bisectrix, but without making a correction for the refrac- 
tion of the oil, and of the mineral which would be necessary 
to make the results compare accurately with the others meas- 
ured in oil, we have 94°. 

It so far appears that the optical axes in this group 
lie in a plane parallel to h', but vary in separation with the 
chemical composition, according to some law. It seems gene- 
rally preferable to make sections parallel to g', for the pur- 
pose of comparing species ; since this is usually a cleavage 
plane, and there is then a better chance of success in cutting 
some varieties which are brittle, and the plane p seldom occurs, 
while g' is often well defined, and servesas a guide. It is to 
be understood that reference is made to such sections as can be 
most readily cut for the purpose of comparing varieties of this 
mineral, as is done with the micas. 

The cleavage which occurs parallel to h', is perhaps most 
clearly defined. There are two cleavages about the plane g', and 
possibly one not well defined parallel to this plane. They lie 
in the prismatic zone, g', e', etc. This was first discovered 
in the following way: a fragment showing several cleavage 
surfaces, and at least one plane of the crystal, was measured 
on a zone with the following result : first cleavage (goniometer 
reading) 0° ; second cleavage, 49° 30’; a plane of crystal (g'), 
203° 30’. On plotting the normals, it was found that the nor- 
mal of the plane of the crystal, when extended, bisected the 
angle of the normals of the two cleavages. Hence the cleav- 
ages are symmetrically situated about the plane g', and in the 
zone, g',e', es, etc. ; since another cleavage was found on this 
fragment perpendicular to the intersections of the two others, 
giving as an approximate measurement an inclination of 92° 20’ 
on one of them, and this cleavage had also a different appear- 
ance to the eye, and was therefore considered to be the cleav- 
age parallel to the basal plane h'. No reflection from a 
cleavage was detected on this specimen parallel to g'. The 
three cleavages actually found gave bright reflections in a good 
light, but admitted of no very exact measurement ; though 
sufficiently exact to show that those on the prism are not par- 
allel to any observed plane, except it be the rarely occurring 
planes e7 ore}. The inclination of e} to g', is given as 28° 
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13’, and of et, 23° 13’, (normals). The cleavage as above deter- 
mined measures 24° 40’ on g'. This result appeared so extra- 
ordinary, that a piece was clipped out of the plane g', ona 
crystal upon which there could be no mistake as to the exact 
location of these cleavages ; for the crystal had the prism well 
defined, with terminal planes, and a basal cleavage. The re- 
sult just given was verified, although the measurement could 
not be so exactly made as upon the first fragment. The zone 
readings were: g', 0°; cleavage, 24°; e', 67°; e', 114°; g’, 
176° ; cleavage, 337° to 340°. It now becomes a matter of 
interest to discover these cleavages upon other members of the 
group. A rounded grain of olivine washed from the lava of 
the Sandwich Islands, was cleaved, and presented a bright sur- 
face judged to be the cleavage plane g'. This gave three reflec- 
tions, the readings for the instrument being: 0°; 6°; 13°, 
approximatively. In olivine in lava, also from the Sandwich 
Islands, there were indications of cleavages about the plane g', 
but they are not well defined, while, parallel to g', this variety 
cleaves readily ; although the surfaces developed are not bril- 
liant. 

Besides the interest these cleavages have crystallographi- 
cally, they may be found to have an important bearing, in. com- 
paring some members of this group, which do not occur in 
well defined crystals. 


Art. III.—Notes on some points in the Structure and Habits 
of the Paleozoic Crinoidea ;* by F. B. Mrrx and A. H. Wor- 
THEN, of the State Geological Survey of Illinois. 


THRovuGH the kindness of Mr. Charles Wachsmuth, of Bur- 
lington, Iowa, we have recently had an opportunity to examine 
some unique and exceedingly interesting specimens of Carbon- 
iferous Crinoids, presenting parts of the structure of these ani- 
mals, in some instances, never before observed, so far as we are 
at this time informed. In a few instances, these specimens 
show internal organs entirely free from the matrix, and although 
like all the other solid parts of these curious creatures, composed 
of numerous calcareous pieces, really surpassing in delicacy of 
structure the finest lace-work, and so frail that a touch, or even 
a breath, might almost destroy them.t Some of these speci- 
mens we propose to notice here, but, before proceeding to do 

* From the Proceedings of the Acad. Nat. Sci. Philadelphia 1869, p. 323. 


+ By Mr. Wachsmuth’s permission, we have prepared for future publication, 
drawings of all of these instructive specimens. 
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80, we avail ourselves of this opportunity to express our thanks 
to Mr. Wachsmuth for the zeal, industry, skill and intelligence 
he has brought to bear, in collecting and preparing for study, 
such an unrivaled series of the beautiful fossil Crinoidea of this 
wonderfully rich locality. Some idea of the extent cf his col- 
lection of these precious relics may be formed, when we state 
that of the single family Actinocrinide alone, after making 
due allowance for probable synonyms, he must have specimens 
of near 150 species, or perhaps more, and many of them show- 
ing the body, arms and column. 

It is also due to Mr. Wachsmuth, that we should state here 
that he is not a mere collector only, but that he understands 
what he collects, and knows just what to collect, as. well as how 
to collect. 

Below we give substantially some notes of observations made 
in his collection, followed by some remarks on other specimens 
at Springfield : 

1. Synbathocrinus Phillips—Some of Mr. Wachsmuth’s 
specimens of a species of this genus show that it is provided 
with a long, slender, pipestem-like ventral tube, or proboscis, 
apparently equaling the arms in length. Also, that a double 
row of minute alternating marginal pieces extends up within 
the ambulacral furrows of the arms, apparently all their length. 
We are not aware that these characters have been hitherto 
noticed in any of the publications on this genus. It will be 
seen, however, farther on, that minute marginal pieces probably 
occupied the furrows along the inner side of the arms of other 
types of Crinoidea, as well as this. 

2. Goniasteroidocrinus Lyon and Casseday.—Some unusu- 
ally fine specimens of the typical species of this genus (G. 
tuberosus) in Mr. Wachsmuth’s collection, from Crawfordsville, 
Ind., show the slender pendent arms much more distinctly than 
any we had before seen, and from these it seems evident that 
these arms are stouter than we had supposed, and that there are 
not more than five or six of them to each of the ten openings. 
In the specimen figured by us on page 220 of the second vol- 
ume of the Illinois Reports, these arms were only imperfectly 
seen by working away, with great difficulty, the hard matrix 
between two of the produced rays of the vault, which we have 
termed pseudobrachial appendages, or false arms. In clearing 
away the matrix of this specimen, we had cut just far enough 
to expose the edges of the arms on each side of the deep ambula- 
cral furrow, so that each of these edges presents the appearance 
of being a separate and distinct, very slender arm, composed 
of a single series of pieces, and without any ambulacral furrow 
on the outer or ventral side ; whereas there is a well-defined 
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ambulacral furrow, bearing the tentacula along its margins, on 
the outer side of the arms, and when the matrix is removed 
from these ambulacral furrows, the arms can be seen to be 
composed each of a double series of small alternately-arranged 
pieces. It is barely possible that in specimens of this species 
with the arms perfectly preserved, the ambulacral furrows may 
be covered on the outer or ventral side by a double series of 
alternating pieces, and that the tentacula* may connect with 
little openings along each side, though there certainly appear 
to be only open furrows in the specimens examined. 

It is worthy of note, in this connection, that there certainly 
are species, agreeing exactly in all other known characters with 
this genus, that have no open furrow along the outer or ventral 
side of the arms, which are distinctly seen to be round on the 
outer side, and show there a double series of interlocking pieces 
along their entire length, while the tentacula connect along the 
inner, or under side, as the arms are seen hanging down. This 
is clearly seen to be the case in a beautiful specimen of G. typus 
(=Trematocrinus typus Hall) in Mr. Wachsmuth’s collection, 
and we can scarcely doubt that in this species there is an open 
farrow on the inner (under) or dorsal side of the arms. If not, 
the arms must be tubular, in consequence of having the ambu- 
lacral canal enclosed all around, excepting at the points where 
the tentacula connect along each side. 

3. Cyathocrinus Miller. Specimens of this genus showing 
the vault (more properly the ventral disc) have very rarely been 
seen. In England a few examples have been found, and these 
have been supposed to show two openings, one central and an- 
other lateral ; the latter, according to Prof. Phillips’ and Mr. 
Austin’s figures, being provided with a slender marginal tube, 
or so-called proboscis. Some of Mr. Wachsmuth’s specimens, 
however, of C. malvaceus and C. Jowensis Hall, showing the 
vault, have led us to doubt the existence of a central opening 
in the vault of this genus, when the specimens have this part 
entire. The specimen of C. malvaceus shows the remains of 
the usual narrow lateral proboscis, and also has an opening in ~ 
the middle of the vault, but from the appearance of this open- 
ing, as well as from the structure of the vault of a specimen 
of C. Iowensis, in which this opening is closed, we can scarcely 
doubt that it was also closed in the specimen of C. malvaceus, 
when entire. The remaining parts of the vault of the C. mal- 
vaceus mentioned consist of only five comparatively large pieces, 
alternating with the upper inner edges of the first radial pieces, 

* We use the term tentacula here in the sense it is generally used by paleon- 
tologists, with reference to the delicate pinnule along the arms of Crinoids, and of 


course not as applying to the minute fleshy organs along the ambulacral furrows, 
usually termed tentacles by those who have investigated the recent Crinoids. 
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—the one on the anal side being larger than the others, and 
forming the base of the inner side of the proboscis. These five 
pieces connect with each other laterally, and extend inward 
some distance, but not so far as to meet at the center, where 
there is a subsemicircular opening, nearly as large as that in 
the remaining base of the proboscis. Along each of the sutures 
between the five vault pieces mentioned, a comparatively large 
furrow extends inward from each arm-base to the central open- 
ing. These we regard as continuations of the ambulacral fur- 
rows from the arms, though there is also a minute opening at 
each arm-base, passing directly downward into the cavity of 
pm body, which was probably for the passage of the arm-mus- 
cles. 

Looking at this specimen alone, one would naturally suppose 
that there must have been, during the life of the animal, two dis- 
tinct openings in the vault, as appears to be the case in the speci- 
men of C’, planus Miller, figured by Prof. Phillips and Mr. Aus- 
tin. But on examining the specimen of C. Jowensis mentioned 
above, we find that it shows the base of the small lateral pro- 
boscis, with the five principal vault pieces alternating with the 
first radials (the one on the anal side being larger than the oth- 
ers), and the same ambulacral furrows extending inward from 
the arm-bases, all exactly as in the C. malvaceus. But here 
we find the central opening undoubtedly closed by several vault 
pieces, while the ambulacral furrows, extending inward from 
the arm-bases, pass in under these central pieces, and are them- 
selves occupied, or covered, by a double series of alternating, 
very minute pieces, which probably also extend on, all the way 
up the ambulacral furrows of the arms as marginal pieces. 

From our examinations of these two specimens, which are 
the only examples of the genus we have seen, showing the 
vault pieces, and seem to be typical forms of the genus in all 
other respects, we are strongly inclined to think the specimen 
of C. planus, figured by Prof. Phillips and Mr. Austin, has had 
these central vault pieces removed by some accident. The fact 
that these pieces in the specimen examined by us, in Mr, Wachs- 
myth’s collection, seem not to be deeply implanted between 
the five larger surrounding pieces mentioned, but rather rest as 
it were, partly upon the narrow beveled points of the inner 
ends of the latter, between the ambulacral furrows, so as to al- 
low room for these furrows to pass under, would render them 
less firm, and more liable to be removed by any accident, and 
may possibly account for their absence in the English specimen 
mentioned. 

In regard to the pieces covering the central part of the vault, 
and which, from the way they are arranged for the ambulacral 
furrows to pass under them, were apparently more liable to be 
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removed than the others, we would remark that they do not 
present the prominent appearance, and uniformity of size and 
form, of the movable pieces composing what is often called the 
ovarian pyramid in the Cystids, but certainly have all the 
appearances of true fixed vault pieces, and scarcely project 
above the others surrounding them. Consequently we cannot 
believe it at all probable that this genus had a central mouth, 
opening directly through the vault; though its ambulacral 
canals evidently converged from the arm-bases to the middle of 
the vault, partly above the outer vault pieces, and under those 
composing the middle of the vault. That these furrows termi- 
nated at the entrance of the alimentary canal, under the middle 
of the vault, as those of Comatula converge to the mouth, in 
the same central position, is highly probable ; and, as will be 
seen further on, we are much inclined to believe that the minute 
organisms upon which we are led, from analogy, to think these 
animals subsisted, were conveyed to the entrance of the alimen- 
tary canal along the ambulacral furrows, without the agency 
of any proper mouth, opening directly through the vault. 
Hence we think it probable that the small tube, usually called 
the proboscis, situated near the posterior side of the ventral 
disc, rather corresponds to the tubular anal opening similarly 
situated in Comatula Mediterranea. 

From our description of the vault of these species, it will be 
seen to present considerable similarity to that of Crotalocrinus 
rugosus, excepting that in that genus, owing to its great num- 
ber of arms, the ambulacral furrows, or canals, bifurcate seve- 
ral times between the middle of the vault and the arm-bases, 
while in Crotalocrinus there is no lateral proboscis, nor, appa- 
rently, even any visible opening, judging by the figures we 
have seen, though we suspect it may have a small opening at 
the periphery of the ventral disc, on the posterior or anal side. 
In the group of depressed Platycrini for which Troost proposed 
the name Cupellecrinus we observe a somewhat similar vault, 
at least in some of the species ; also in Coccocrinus. In such 
forms there would seem to be, as it were, an intermediate gra- 
dation between the modern Crinoids and the prevailing Paleo- 
zoic types, as has been pointed out by Mr. Billings. 

4, Convoluted support of the digestive sack, in the Actino- 
crinide.—T he presence of a large convoluted body, resembling 
in form the shell of a Bulla or Scaphander, within the body 
of several types of the Actinocrinide, was noticed by Prot. 
Hall [this Journal, volume xli, p. 261], in 1866, though he 
made no suggestions there in regard to the functions it prob- 
ably performed in the internal economy of these animals. In 
the second volume of the Illinois Geological Reports, published 
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soon after, we figured, on page 191, a specimen of Strotocrinus, 
with this body seen in place, and stated that we regarded it as 
having been connected with the digestive apparatus of the 
animal, 

Both in Prof. Hall’s, and our own remarks, this organ was 
spoken of as a convoluted plate. This, however, we now know 
is not strictly correct, for although composed of hard calcare- 
ous matter, and in some species somewhat dense in structure, 
it seems to be always constructed of a great number of minute 
pieces, and generally has a more or less open or porous texture; 
while in some cases it presents the appearance of an exceed- 
ingly delicate net-work. It seems never to be attached to the 
bottom of the visceral cavity, though it extends down nearly 
to the bottom. It is open at both ends (the opening at the 
lower end being generally smaller than the other), and is pla- 
ced with its longer axis nearly so as to coincide with that of 
the body of the Crinoid. In some species it is more or less 
dilated at the upper end, while in others it is contracted at 
both ends, so as to present, as above stated, the form of the 
shell of a Bulla, It has apparently no columella, but is 
more or less loosely convoluted, with a spiral ridge descending 
the interior, and sometimes another ascending the exterior. 
Its walls are generally of moderate thickness, but they often 
appear to be thicker than natural, in consequence of the pres- 
ence of inorganic incrustations, of calcareous or siliceous mat- 
ter, which also disguise its real structure. 

In Actinocrinus Verneuilianus Shumard, this body is nar- 
row below, and subcylindrical above to the top, which is 
slightly dilated. The small opening at the lower end has a 
thickened rim, which passes around spirally, so as to ascend 
the outside, as a rather stout ridge, all the way to the top, 
making nearly two turns, and apparently also forming a rim 
partly around the top. The surface of the whole organ, as 
well as of its external spiral ridge, has the usual rough appear- 
ance, and when fragments of it are held up, so as to be exam- 
ined by transmitted light, through a good pocket-glass, it is 
seen to be composed of a great number of very minute polygo- 
nal pieces, varying somewhat in form and size. When these 
pieces are examined under a magnifier, by reflected light, they 
show shining facets, like crystals, though they are evidently 
not surface incrustations, but actually compose the walls, or 
substance of the organ itself. No pores or meshes were obser- 
ved passing through the walls of this organ in this species, 
in which it appears to be more than usually dense. 

In another specimen in Mr. Wachsmuth’s collection, appar- 
ently of Actinocrinus proboscidialis, this organ, as seen with 
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one or more of the outer turns removed, has an oval or subel- 
liptic form, being contracted and twisted at both ends, so as 
to present very nearly the appearance of the shell of some spe- 
cies of Ovulum. Its walls are quite thin, and seem to form 
more convolutions than in any other species in which we have 
had an opportunity to examine it. As seen by the aid of a 
magnifier by transmitted light, it presents a very beautiful 
appearance, being composed of a great number of minute 
pieces, with numerous openings passing through between them. 
The little pieces and the openings between them are of nearly 
uniform size, and arranged so that there are usually one or 
two of the former intervening between any two of the openings. 

Another of Mr, Wachsmuth’s specimens of Actinocrinus 
securus Hall, has one side of the body removed so as to show 
about two thirds of the convoluted organ, the upper part of 
which is broken away. The part remaining has a short wide 
subcylindrical form, with a rather broad, obliquely truncated 
lower end, which is not tapering, as in the other species. 
Under a magnifier it is seen to be composed of an extremely 
fine net-work, far surpassing, indeed, in delicacy of structure, the 
finest laces that it is perhaps within the power of human skill 
to fabricate ; and as it is entirely free from any surrounding 
matrix, excepting at one side below, the specimen has to be 
handled with great care, as a mere touch of this delicate part 
would probably cause it to fall into hundreds of minute frag- 
ments. On examining it under a magnifier, the little bars of 
which it is composed are seen not to intersect each other at any 
uniform angle, but anastomose, so as to impart a kind of irreg- 
ular regularity, if we may so speak, to the form and size of 
the meshes. Of these little bars there are two sizes, the larger 
forming the larger meshes, while within the latter a smaller 
set of processes extend partly or entirely across, so as to form 
more minute meshes ; the whole presenting a beautiful appear- 
ance, of which it would be difficult to convey a correct idea by 
a mere description alone, without the aid of figures. 

From analogy, judging from what is known of the internal 
structure of the recent genus Comatula, in which several au- 
thors have noticed a reticulated calcareous structure secreted 
within the tissue of the softer parts of its alimentary canal, we 
may infer that this convoluted organ was, as it were, a kind of 
frame work, secreted for the support of the digestive sack, 
which was probably more or less convoluted in the same way 
in many, if not all of the Paleozoic Crinoids, though not ap- 
parently, in all cases, endowed with the power of secreting a 
sufficient dense structure of this kind to leave traces of its ex- 
istence in a fossil state. 
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So far as we are at this time informed, this organ has yet 
been very rarely observed in any other family than the Actino- 
crinide, though it was probably more or less developed in va- 
rious other groups, In one instance Mr, Wachsmuth found it 
in a Platycrinus, but here it seems to be, in the specimen 
found, merely a spongy mass, not showing very clearly the 
convoluted structure. Some traces of what was supposed to 
be something of this kind were also observed by him in one of 
the Blastoids. 

5. Ambulacral canals passing under the vault in the Actino- 
crinide.—lIn the third and fourth Decades of descriptions and 
illustrations of the Canadian Organic Remains, Mr. Billings, 
the able paleontologist of the Geological Survey of the Cana- 
dian provinces, gives some highly interesting and instructive 
remarks on the ambulacral and other openings of the Paleozoic 
Crinoids. In these remarks he noticed, at length, some strik- 
ing differences between the vault, or ventral disc, of these 
older types, and that of the few living examples of this ex- 
tensive order of animals, That is, he noticed the facts, that 
while in the living Comatula and Pentacrinus, the ambula- 
cral canals are seen extending from the arm-bases across the 
surface of the soft skin-like ventral disc, to the central mouth, 
and these genera are provided with a separate anal opening, 
situated excentrically between the mouth and the posterior 
side, that in the paleozoic Crinoids the ventral disc is very 
generally, if not always, covered by close-fitting, solid plates, 
showing no external traces whatever of ambulacral furrows ex- 
tending inward from the arm-bases ; and that in nearly all 
cases they are merely provided with a single excentric, or sub- 
central opening, often produced into a long tube which, like the 
vault, is made up of solid plates. He showed that there is no 
evidence whatever that the ambulacral canals, in these older 
types, were continued along the surface of the vault from the 
arm-bases to the only opening, whether subcentrally or late- 
rally situated, and that in cases where this opening is pro- 
duced in the form of a greatly elongated proboscis, or tube, 
such an arrangement of the ambulacra would be almost a phys- 
ical impossibility. Hence he concluded that the ambulacral 
canals must have passed directly through the walls of the body 
at the arm-bases ; and he gave several figures of various types, 
showing openings at the base of the arms, through which he 
maintained that the ambulacra must have passed to the inte- 
rior of the body from the arms. 

Although these arm-openings had long been well known to 
all familar with our numerous types of western Carboniferous 
Crinoids, in which they are very conspieuous, and we had never 
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entertained any other opinion in regard to them, than that they 
are the only passages of communication that could have ex- 
isted between the softer parts occupying the ambulacral fur- 
rows of the arms, and the interior of the body, Mr. Billings 
was the first author, so far as we are at this time aware, who 
called especial attention to them in this regard. We regret 
that we have not space to quote a portion, at least, of his re- 
marks on this subject, and would advise the student to read 
attentively the whole of both of his articles alluded to. 

The specimens at Mr. Billings’s command enabled him to 
trace the courses of the ambulacral canals from the arms, 
through the walls of the body at the arm-bases, and to ascer- 
tain the additional fact that, after passing through the walls, 
they seemed to have turned upward ; but beyond this he had 
not the means of tracing them farther. 

A single specimen of Actinocrinus proboscidialis, however, 
in Mr. Wachsmuth’s collection, is in a condition (thanks to the 
great skill of that gentlemen and the exceedingly fortunate 
state of preservation, by which its delicate internal parts re- 
main almost entire, and without any surrounding matrix) to 
throw much additional light on this subject. By very dextrous 
manipulation, Mr. Wachsmuth succeeded in removing about 
half of its vault, so as to expose the internal parts, in place, 
and in an excellent state of preservation. The convoluted 
organ already described in other species is in this comparatively 
large, subcylindrical in the middle, apparently tapering at the 
lower end, and a little dilated at the upper extremity. It 
seems to be rather dense, and shows the usual rough appear- 
ance, but as we had no opportunity to examine any detached 
fragments of it by transmitted light, we did not determine 
whether or not it has pores passing through it, though it prob- 
ably has, at least when entirely free from any inorganic incrus- 
tation. Its slightly dilated upper end seems to stand with its 
middle almost, but apparently not exactly, under the middle 
of the nearly central proboscis of the vault ; while at the an- 
terior side of its upper margin, and a little out from under the 
proboscis, it shows remains of a kind of thickened collar, which 
we found to be composed of minute calcareous pieces. From 
this there radiate five ambulacra, composed of the same kind 
of minute pieces as the collar itself, each ambulacrum consist- 
ing of two rows of these minute pieces alternately arranged. 
They are each also provided with a distinct furrow along their 
entire length above. As they radiate and descend from their 
connection with the top of the convoluted frame work of the 
digestive sack, they all bifurcate, so as to send a branch to 
each arm-opening, those passing to the posterior rays curving 
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a little at first above, so as not to pass directly under the pro- 
boscis. These ambulacra, although passing along obscure fur- 
rows in the under side of the vault, which are deepest near the 
arm-openings, are not in contact with the vault, or visibly con- 
nected with any other parts than the top of the convoluted 
digestive sack, and the outer walls at the arm-openings. Each 
of their subdivisions can be traced into an arm-opening, and it 
is very probable that they continued on out the ambulacral 
furrows of the arms and tentacula. At one point in one of 
these ambulacral canals, beneath the vault, some evidences of 
the remains of two rows of minute pieces were observed alter- 
nating with the upper edges of those composing the under side 
of these canals, and thus apparently covering them over. The 
condition of the parts is such however, as scarcely to warrant 
the assertion that this was really the case, though we are much 
inclined to think it was. If so, these canals must have been, 
at least under the vault, hollow tubes, formed of two rows of 
pieces below, and two above, all alternately arranged. 

We are not aware that any evidences of the existence of 
these delicate ambulacral canals, composed of minute calca- 
reous pieces, and passing beneath the vault from the arm-open- 
ings to the summit of the convoluted digestive sack, have 
ever before been observed in any Crinoid, recent or extinct ; 
and we can but think it probable, that the extremely rare com- 
bination of circumstances that brought them to light in this 
instance may not again occur for centuries to come, with regard 
to another specimen. That they correspond to the ambula- 
cral canals seen extending from the arm-base to the mouth, 
on the owtside the ventral disc in Comatula, is clearly evident. 

The presence of furrows radiating from the central region of 
the under side of the vault to the arm-openings, in various 
types of paleozoic Crinoids, must have been frequently ob- 
served by all who have had an opportunity to examine the inner 
surface of this part. Messrs. de Koninck and Lehon figure a 
portion of the vault of Actinocrinus stellaris, in their valuable 
Recherches sur les Crinoides du Terr. Carb. de la Belgique, pl. 
iii, fig. 4 f., showing these furrows, which they seem to have 
regarded as the impressions left by the muscles of the viscera. 
The inner surface of the vault of most of our western Carbon- 
iferous Crinoids is known to have these furrows more or less 
defined, either from specimens showing this inner surface, or 
from natural casts of the same. In some instances they are 
very strongly defined from the central region outward to the 
arm-bases, to each of which they send a branch. In Actinocri- 
nus ornatus Hall, for instance, they are generally so strongly 
defined as to raise the thin vault into strong radiating ridges, 
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separated by deep furrows on the outer side. In Strotocrinus, 
the vault of which is greatly expanded laterally, and often flat 
on top, these internal furrows, in radiating outward, soon be- 
come separated by partitions, and as they go on bifurcating, to 
send a branch to each arm, they actually assume the character 
of rounded tubular canals, some distance before they reach the 
arm-bases. 

That these furrows or passages of the inner side of the vault 
were actually occupied during the life of the animal by the 
ambulacral canals as they radiate from the top of the convo- 
luted digestive sack to the arm-openings, we think no one will 
for a moment question, after examining. Mr. Wachsmuth’s spe- 
cimen of Actinocrinus proboscidialis, which we have described, 
showing all these parts in place. It is also worthy of note, 
that in all the specimens of various types in which these fur- 
rows of the under side of the vault are well known, whether 
from detached vaults, or from casts of the interior of the same, 
they never converge directly to the opening of the vault, but to 
a point on the anterior side of it, whether there is a simple 
opening or a produced proboscis. The point to which they con- 
verge, even in types with a decidedly lateral opening of the 
vault, is always central or very nearly so, and even when the open- 
ing is nearly or quite central, the furrows seem to go, as it were, 
out of their way to avoid it, those from the posterior rays pass- 
ing around on each side of it to the point of convergence of 
the others, a little in advance of the opening. That the ambu- 
lacral canals here, under this point of convergence of the fur- 
rows in the under side of the vault, always came together and 
connected with the upper end of the convoluted frame-work of 
the digestive sack, we can scarcely entertain a doubt. 

Now in looking at one of these specimens, especially an 
internal cast of the vault, showing the furrows (or casts of them) 
starting from a central, or nearly central point, and radiating 
and bifurcating so as to send a branch to each arm-base, while 
the opening or proboscis of the vault (or the protuberance re- 
presenting it in the cast) is seen to occupy a position some- 
where on a line between this central point from which the fur- 
rows radiate, and the posterior side, one can scarcely avoid 
being struck with the fact, that this point of convergence of 
the ambulacra, under the vault, bears the same relations in 
position to the opening of the vault, that the mouth of a Coma- 
tula does to its anal opening. And when we remember that 
eminent authorities, who have dissected specimens of the exist- 
ing genus Comatula, maintain that these animals subsisted on 
microscopic organisms floating in the sea-water, such as the 
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Diatomacee, minute Entomostraca, etc.,* which were conveyed 
to the mouth along the ambulacral canals, perhaps by means 
of cilia, we are led from analogy to think that paleozoic Crin- 
oids subsisted upon similar food, conveyed in the same way to 
the entrance of the digestive sack. If so, where would there 
have been any absolute necessity for a mouth or rather opening 
directly through the vault, when, as we know, the ambulacral 
canals were so highly developed under it from the arm openings 
to the entrance into the top of the alimentary canal? Indeed 
it seems at least probable, that if the soft ventral disc of Coma- 
tula had possessed the power of secreting solid vault pieces, as 
in most types of paleozoic Crinoids, that these vault pieces 
would not only have covered over the ambulacral furrows, as 
in the paleozoic types, but that they would also have hermeti- 
cally covered over the mouth, and converted the little flexible 
anal tube into a solid calcareous pipe, such as that we often 
call the proboscis in the extinct Crinoids. 

From all the facts therefore now known on this point, we are 
led to make the inquiry whether or not, in all the paleozoic 
Crinoids in which there is but a single opening in the vault— 
whether it is a simple aperture or prolonged into a proboscis, 
and placed posterally, subcentrally, or at some point on a line 
between the middle and the posterior side—this opening was 
not, instead of being the mouth, or both mouth and anus as 
supposed by some, really the anal aperture alone ; and whether 
in these types the mouth was not generally, if not always, her- 
metically closed by immoveable vault pieces, so far as regards 
any direct opening through the vault? 

We are aware of the fact, that at least one apparently strong 
objection may be urged against this suggestion, and in favor of 
the conclusion that the single opening seen in these older Crin- 
oids was the mouth, or at least performed the double office of 
both anal and oral aperture. That is, the frequent occurrence 
of specimens of these paleozoic species, with the shell of a 

* Bronn mentions the fact (Klassen des Thierreichs. Actinozoa, II, p. 211), that 
the remains of Diatomacee, of the genera Navicula, Actinocyclus, Coscinodiscus, and 
of Entomostraca, were found in the stomach of Comatula, and suggests that, when 
such objects, in floating in the sea-water, came in contact with the ambulacral fur- 
rows of the pinnulz, they were conveyed along these furrows to those of'the arms, 
and thence in the same way into the mouth. He ridicules the idea, sometimes 
suggested, that the food may have been handed by the pinnule or arms directly 
to the mouth. 

Dujardin and Hupé also state (Hist. Nat. de Zoophytes Echind., p. 18), that the 
living Comatula was “nourished by microscopic Alge and floating corpuscles, 
which the vibratile cilia of the ambulacra brought to the mouth.” That they may 
have sometimes swallowed a larger object, that accidentally floated into the mouth, 
however, is not improbable, and would not, if such was the case, by any means 


disprove the generally accepted opinion that these animals received their food al- 
most entirely through the agency of their ambulacral canals. 
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Piatyceras in close contact by its aperture, either with the side 
or the vault of the Crinoid, and not unfrequently actually cov- 
ering the only opening in the vault of the latter, so as to have 
led to the opinion that the Crinoid was in the very act of devour- 
ing the Mollusk at the moment when it perished, 

Amongst the numerous beautiful specimens of Crinoids 
found in the Keokuk division of the Lower Carboniferous se- 
ries at Crawfordsville, Indiana, there is one species of Platycri- 
nus (P. hemisphericus), that is so abundant that probably not 
less than two hundred, and possibly more, individual specimens 
of it have been found there by the different collectors who have 
visited that noted locality ; and, judging from those we have 
seen, apparently about one-half of these were found with a 
moderate sized, nearly straight, or very slightly arched and 
conical Platyceras (P. infundibulum), attached to one side by 
its aperture, between the arms of the crinoid, and often so as 
to cover the single lateral opening in the vault of the same.* 
From the direction of the slight curve of the apex of the Pla- 
tyceras, it is also evident that it it is always placed in such a 
manner, with relation to the Crinoid, that the anterior side of 
the mollusk was directed upward, when the vault of the Crin- 
oid was turned in that direction.t A species of Goniasteroid- 
ocrinus (G. tuberosus Lyon & Casseday), found at the same 
locality, also has frequently a Platyceras attached to the top 
of its nearly flat vault, so as to cover the only opening in the 
same. It is worthy of note, however, that it is always another, 
subspiral, Platyceras (very similar to P. cequilaterum), that 
we find attached to this Crinoid, so that here at least, it would 

* We at one time thought these shells attached to the side of this Platycrinus, 
to be out of reach of the opening, or supposed mouth, because we had not seen, 
specimens showing the position of the opening in this species, and had supposed 
from its similarity to Platycrinus granulatus Miller, and other species without a 
lateral opening, that such was also the case with this. We have since seen speci- 
mens, however, showing thatit has a lateral opening, and therefore belongs to the 
group Pleurocrinus, so that it is probable these shells often cover this opening. 

+ Prof. Richard Owen has noticed, in his Report on the Geological Survey of 
Indiana, p. 364 (1862), the frequent occurrence of a Platyceras attached to this 
same Platycrinus, at this locality, and proposed to name the Platyceras P. pabulo- 
crinus, from the supposition that it formed the chief food of these Crinoids. It is 
probable that the Platyceras for which he proposed this name, is the same we 
named P. infundibulum, but as he gave no description of the species, and but an 
imperfect figure, we cannot speak positively as to its identity. Prof. Hall has also 
proposed the name P. subrectum for this Crawfordsville Platyceras, but he had pre- 
viously used the same name for a very different, New York, Devonian species of 
this genus. 

Prof. Yandell and Dr. Shumard have also figured in their paper entitled ‘‘ Con- 
tributions to the Geology of Kentucky,” a specimen of Acrocrinus, with a very 
similar Platyceras apparently attached to its vault. 

Amongst all the Crinoids found at Burlington, Iowa, we are aware of but a sin- 
gle instance of one being found with a Platyceras attached, and that is a specimen 
of Actinocrinus ventricosus in Mr. Wachsmuth’s collection, which has a crushed 
shell of a Platyceras connected with its vault. 
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seem that each of these two Orinoids has its own particular 
species of Platyceras. 

In all of these, and numerous other examples that might be 
mentioned, it is worthy of note that it is to species of Crinoids 
with a simple opening in the vault, and not to any of those 
with a produced proboscis, that we find these shells attached 
in this way ;* and it is so rarely that we find shells of any 
other genus than Platyceras, apparently attached to, or in con- 
tact with, the body of a Crinoid, that it seems probable where 
other shells are occasionally so found, that their connection with 
the Crinoid may be merely accidental. If it could be estab- 
lished as a fact, that these Crinoids were actually devouring 
these mollusks, by sucking out, or otherwise extracting and 
swallowing their softer parts, in any instance where they have 
been found with a shell attached over the opening of the vault, 
this would, of course, establish the fact that this opening is 
the mouth, or, at least, that it must have performed the office 
of both oral and anal aperture. But to say nothing in regard 
to all that is known of the habits and food of the recent Crin- 
oids being so directly opposed to such a conclusion, the fact 
that so large a proportion as nearly one-half of all the individ- 
uals of some species should have died at the precise moment 
of time when they were devouring a Platyceras, and should 
have been imbedded in the sediment and subsequently fossilized 
without separating from the shell, seems, to say the least of it, 
very improbable. 

And it is even more difficult to understand upon what prin- 
ciple an animal with its viscera incased in a hard unyielding 
shell, composed of thick, close-fitting calcareous pieces, and 
with even its digestive sack, as we have reason to believe, at 
least to some extent, similarly constructed, could have exerted 
such powers of suction as to be able to draw out and swallow, 
through an aperture in its own shell, often less than one-tenth 
of an inch in diameter, the softer parts of a mollusk nearly or 
quite equal in volume to the whole of its own visceral cavity. 
That they ever did so, however, becomes still more improbable, 
when we bear in mind the fact, that the animal supposed to 
have performed this feat, lived, at least during the whole of its 
adult life, attached to one spot by a flexible stem, that only al- 
lowed it a radius of a foot or so of area to seek its prey in ; while 
the mollusk it is supposed to have so frequently devoured, from 
its close affinities to the genus Capulus, may be supposed to have 
almost certainly lived most of its life attached to one spot.f 
In such a case, why should the Crinoid have so frequently left 

* Possibly due to the fact, that in species with a proboscis there is much less 


room for attachment to the vault. 
+ Most of the best European authorities on paleontology refer these shells 


even to the existing genus Capulus. 
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the Platyceras to grow within its reach to nearly its adult size 
before devouring it? But if from some unknown cause it 
should have done so, by what means could the Crinoid have 
pulled loose the mollusk (which from analogy we may reason- 
ably suppose held with some degree of tenacity to its place of 
attachment), and placed it with the aperture of its shell over 
the opening supposed to be its own mouth? That it could 
have used its arms and tentacula as prehensile organs, in this 
sense, is extremely improbable from their very structure, so 
much so indeed that few if any of the best authorities who 
haye investigated the recent Crinoids, believe that they ever 
used these appendages to hand directly to the mouth, even mi- 
nute organisms.* 

But we believe the strongest argument against the conclu- 
sion that the Crinoids, so frequently found with the shell of a 
Platyceras attached to them, died while in the act of sucking 
out, or otherwise extracting the softer parts of these mollusks, 
remains to be stated. In the first place, if such really was the 
nature of the relations between the Crinoid and the mollusk, 
it is of course self-evident that the continuation of the life of 
the latter must have necessarily been of very short duration 
after it came in contact with the Crinoid, Yet we have the 
most conclusive evidence that such was not the case ; but that 
on the contrary, in most if not all of these instances, the Pla- 
tyceras must have lived long enough in contact with the Crin- 
oid to have adapted the sinuosities of the margins of its shell 
exactly to the irregularities of the surface of the Crinoid. 

We have taken some trouble to examine carefully a number 
of specimens of Platycrinus hemisphericus, and Goniaster- 
oidocrinus tuberosus, from Crawfordsville, Indiana, each with 
a Platyceras attached, and in all cases where the specimens 
are not too much crushed or distorted, or the hard argillaceous 

* In many instances it is clearly evident that it would have been an absolute 
impossibility for certain types of our Carboniferous Crinoids to have handed any 
object great or small, directly to the only opening through the vault: that is, 
where this opening is at the extremity of a straight rigid tube, often nearly twice 
the length of the arms, even to the extreme ends of their ultimate divisions. We 
are aware that some have supposed this tube, or proboscis, to have been flexible, 
and the Messrs. Austin even thought it was especially designed and used for the 
purpose of sucking out the softer parts of Polyps. If flexible, we might suppose 
that in those cases where it was so much longer than the arms, it could 
have been curved so as to bring its extremity within reach of the ends of the arms; 
but although we have in a few instances seen this tube more or less bent, a care- 
ful examination always showed that, where this was not due to an accidental 
fracture after the death of the animal, it was caused by the plates composing it 
being on one side larger, or differently formed from those on the other, and evi- 

* dently not to flexibility. We find the arms, which were evidently flexible, folded 
and bent in every conceivable manner, but the tube of the vault is, in nine cases 
out of ten, if not more frequently, when not accidentally distorted, found to be 
perfectly straight, or a little inclined to one side or the other. 
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shaly matter too firmly adherent to prevent the line of contact 
between the shell and Crinoid to be clearly seen, the sinuosities of 
the lip of the former closely conform to the irregular nodose 
surface of the latter. Owing to the fact that in some cases the 
shell has evidently been forced by accidental pressure against 
the surface of the Crinoid, so as to become somewhat crushed, 
this adaptation is not always so clearly evident ; but in most 
cases it is more or less visible, while in some it is strikingly 
manifest. In one instance of a Platycrinus now before us, 
with a Platyceras attached, as usual, to its side, between the 
arm-bases of two of its adjacent rays, and of rather larger size 
than those usually found attached to this species, the adapta- 
tion of the irregularities of its lip, so as to receive the little 
nodes and other prominence of the Crinoid, is so clearly man- 
ifest that a moment’s examination must satisfy any one that 
the shell must have grown there. Being, as we stated, a lar- 
ger individual than we usually see so situated, it not only occu- 
pies the whole of the interradial or anal space to which it is 
attached, but its lateral margins on each side coming in con- 
tact with the arm-bases of the Crinoid, as the shell increased 
in size, had formed on either side a profound sinus in its lip 
Jor the reception of these arms. These sinuses are not only in 
precisely the proper places, but of exactly the proper size and 
jform to receive the adjacent arm on each side ; the entire ad- 
justment being so exact, that it seems scarcely possible that 
the shell could have been removed during the life of both ani- 
mals, and after the mollusk had attained its present size, with- 
out either breaking its lip or breaking off the arms of the 
Crinoid, Unfortunately, in clearing away the rather hard ar- 
gillaceous matrix, before the arrangement of the parts was 
clearly comprehended, these arms were broken away, but their 
stumps are still seen protruding from the sinuses, which are so 
deep as almost to present the appearance of isolated perfora- 
tions, though it is evident, on a careful examination, that they 
are only deep emarginations extending up from the edge of the 
lip. 

In looking at the sides of this Platyceras which has the 
form of a very slightly arched cone,* and stands out nearly at 
right angles to the side of the Crinoid, it is easy to see, from 
abrupt curves in the lines of growth, along up its sides, on a 
line above the sinuses mentioned, that these sinuses com- 
menced forming abruptly at points about half way up ; and on 
measuring across between these points with a pair of dividers, 


* It being the common species of Platyceras that is usually found attached to 
this Platycrinus, 
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the space between is found to coincide very closely with that 
between the inner sides of the arm-bases protruding from the 
sinuses. Hence it is evident that the shell had commenced 
forming these sinuses in its lip exactly at the period of its 
growth, when it had attained a breadth that brought the edges 
of its lip in contact with the arm-bases. After this, it had in- 
creased very little in breadth between the arms of the Crinoid, 
though it had grown somewhat wider above and below, and 
nearly doubled its length. Whether or not it covers the open- 
ing in the side of the vault of the Crinoid we are unable to 
say, since the folded arms (which are, as usual in these cases, 
well preserved), and adhering matrix, cover the vault. We 
have scarcely any doubt now, however, that the Platyceras 
does, in this, as in most of the other cases, actually cover the 
opening in the side of the vault of the Crinoid. 

From the facts stated it is, we think, evident that these 
mollusks actually lived long enough after their connection 
with the Crinoids, to whi-h we find them attached, not only to 
have adapted the edges ot their lip to fit the surface of the 
Crinoid, but to have generally increased more or less in size, 
and in some instances, at least, to have actually nearly or quite 
doubled their size. Admitting this to be the case—and we 
think there can be no reasonable doubt on this point—we can 
no longer believe that these Crinoids were preying upon the 
mollusks ; and we therefore think no well grounded arguments 
can be based upon the fact of their being so frequently found 
attached in the manner described, in favor of the conclusion 
that the opening in the vault of these Crinoids is the mouth. 

But, if they were not in the habit of eating these mollusks, 
it may be asked what could have been the nature of the rela- 
tions between the two, that so frequently brought them to- 
gether as we now find them ? The first explanation that sug- 
gests itself is, that possibly the mollusk may have been preying 
upon the Crinoid. But the fact, already stated, that these 
mollusks evidently lived long enough attached to these Cri- 
noids, as we have every reason to believe, during the life of the 
latter, to have at least increased the size of their shells con- 
siderably, if not indeed during their entire growth, is alone an 
almost insurmountable objection to such a conclusion. Doubt- 
less, like other marine sedentary animals, these mollusks, when 
very young, floated freely about in the sea, until they found a 
suitable station to attach themselves, where they remained 
during life. May they not, therefore, have been attracted to 
the bodies of Crinvids by the numerous little organisms 
brought in by the action of cilia, along the ambulacral furrows 
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of the arms of the Crinoids, or in currents produced by the 
motions of the arms of the latter? The excrementitious matter 
of the Crinoid could doubtless have passed out under the foot 
of the Platyceras, supposing the opening in the Crinoid some- 
times covered by these shells to have been the anus, but it is 
difficult to conceive how food could have passed in, if we sup- 
pose this opening to be the mouth. 


Art. IV.—On the effect of Atmospheric Air when mixed with 
Gas in reducing its illuminating power; by B. SILLIMAN, 
and Henry 


THE data given in this article were obtained during an inves- 
tigation of the Hydrocarbon Gas Process by the “‘ Guwynne-Har- 
ris” or *‘ American System,” some notice of the results of 
which we propose to publish in a future number of this Jour- 
nal, In the course of this investigation it became important 
to measure exactly the effect of atmospheric air in reducing 
the illuminating power of gas. Owing toa mechanical defect 
in the apparatus connected with the exhauster, it was found 
that a variable quantity of air had for some time found its 
way into the gas holder, the influence of which in diminishing 
the brilliancy of combustion was sufficiently conspicuous be- 
fore the cause was ascertained. The only experiments on this 
subject known to us when its study was undertaken by us were 
those of Messrs. Audouin and Bérard* (also quoted in the 
American Meter Cos. Pocket Almanac.) By these results 
the ratio of loss in illuminating power by the addition of each 
one per cent of air appeared to us so enormous, that we were 
desirous of confirming them. Subsequently we became ac- 
quainted with an important paper on this subject by Mr. Carl 
Schultz,> the main points of which are reproduced in this ar- 
ticle ; as they appear to have escaped attention ; the author hav- 
ing modestly given us only his initials, and the journal in 
which they appeared being almost inaccessible to scientific 
readers. 

In conducting this research wé soon found that the attempt to 
introduce by measure a given volume of air into the gas holders 
connected with the photometric apparatus, was attended with 
many sources of error, and that the requisite accuracy could be 
obtained only by the eudiometrical analysis of each successive 


* Ann. de Ch. et Phys., 3d series, vol. lxv, p. 428, 1862, 
¢ American Gaslight Journal, August 1, 1860, p. 41. 
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mixture.* The apparatus employed consisted of two gas hold- 
ers of ten cubic feet capacity each, connected in such a man- 
ner that each could be used independently, or the contents of 
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one transferred to the other and back again to secure a com- 
plete admixture of the contents. The air was introduced by 
opening a stop cock connected with the interior and adding 

* Our labors in this research have been greatly aided by the facilities courte- 
ously extended to us by the officers of the Manhattan Gas Light Company, in 


New York, who with great liberality placed at our disposal their well appointed 
experimental laboratory and apparatus at their Eighteenth-Street Station. 
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weights to the counterpoise, measuring the influx by a cen- 
tissimal scale of equal parts attached to the drum of each 
holder. Thisrude admeasurement was controlled by an analysis 
of each mixture. This required also the prior analysis of the 
street gas on each occasion, columns 3, 4, and 5 of the accom- 
panying Table I, show the results of these mixtures as made 
known by the eudiometer. The illuminating power of each 
sample was determined by the Bunsen photometer on the av- 
erage of fifteen successive observations of one minute each 
with the usual corrections. Columns 6 and 7 give these re- 
sults, and in columns 1 and 2 will be found the corresponding 
densities determined by diffusion. 

Since the air added in each case is rendered as gas by the 
meter during the photometric measurement, it is important to 
determine the illuminating power of the gas alone after deduct- 
ing the known volume of air present. The results of these 
calculations are givenin column 8. In columns 9 and 10 the loss 
of illuminating power is given: in 8 in terms of the candle power 
lost for each admixture, and in 9 this loss is stated as a per- 
centage, The ratio of loss of illuminating power in percent- 
age volumes of gas and air is given in column 11, and in col- 
umn 12 is the loss of power corresponding to each one per 
cent of air added. 

The results of the analyses and photometric measurements 
are more conspicuously seen in the curve projected from col- 
umns 5 and 10 of the table upon the annexed diagram, on 
which the vertical and horizontal scales are as 1: 3. 

_The following inferences depend upon the data herein given, 
viz :— 

Ist. For any quantity of air, less than five per cent, 
mixed with gas, the loss in candle power due to the addition 
of each one per cent isa little over ,{; of a candle (‘611 ex- 
actly) ; above that quantity the ratio of loss falls to 4 a candle 
power for each additional one per cent up to about 12 per 
cent of air ; above which, up to twenty-five per cent, the loss 
in illuminating power is as shown by column 12 of the table, 
nearly ,‘,ths of a candle for each one per cent of air added to 
the gas. In column 11 of Table I, the ratio of loss in candle 
power is given in percentages for the several volumes, while 
in column 10 the destructive effect of air upon the illuminating 


power of gas is most conspicuously exhibited, twelve per cent of 


air destroying over 40 per cent of the illuminating power. 
In the diagram this loss of power is represented by the nume- 
rals in the right hand column, which are inverse to those in 
column 10, and stand with the maximum intensity =100. 

2d. With less than one-fourth of atmospheric air, not quite 
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15 per cent of the total illuminating power remains; and 
with between 30 per cent and 40 per cent air, it totally dis- 
appears. 

Now, during December and January the hydro-carbon gas 
made at Fair Haven had often as much as 12 per cent of air 
in it ; during the month of February the air by analysis aver- 
aged nearly 9 per cent ; while in March after the separation of 
the pump from the exhaustion apparatus, the air was reduced 
at times to nearly nothing. By column 3 of the Table it will 
be observed that the air found by analysis in the street gas 
at the Highteenth-Street Station of the Manhattan Gas Light 
Campany, New York, averaged nearly 2 per cent, and the 
New Haven City Gas contained about the same quantity. "We 
allow, therefore, this quantity (2 per cent) as a normal amount 
of air in street gas ; and consequently in the Journal of the 
daily operations with the hydro-carbon process at Fair Haven,* 
these corrections have been applied ; giving in two columns 
the “corrected candle power,” by the addition of the ratio de- 
termined in our Manhattan experiments, and the “ corrected 
volume,” or yield per pound of coals carbonized, air being de- 
ducted. It is obvious that the records of the station meter 
give the contaminating air as gas, and without the correction 
thus obtained the apparent yield is too great. 

In large gas-works the liability to contamination by air ac- 
cidentally introduced from various causes, diminishes in pro- 
portion to the total make of gas, and an amount of air which, 
when diffused in a very large volume of gas, becomes insigni- 
ficant, if confined to ten or fifteen thousand feet daily product, 
will become a most serious injury to its illuminating power. 
This cause of deterioration in gas has been overlooked almost 
entirely by gas engineers ; but in all small gas-works it de- 
serves special attention, and we have no doubt that the low 
illuminating power too often obtained in such works is largely 
due to this cause. 

Results of Messrs, Audouin and Bérard.—We have al- 
ready alluded to these results obtained by Messrs, A. and B. 
which form part of an important memoir published in 1860, 
under authority of the French Government ‘upon the various 
burners employed in gas lighting and researches on the best 
conditions for the combustion of gas.’ Their table, which we 
append for the sake of comparison, shows “a considerably 
higher ratio of loss than we have obtained, being rather more 
than six per cent loss for each one per cent of air added to the 

* The Hydro-carbon Gas Process. Report of working results on a large scale 
under the Gwynn-Harris Patents, Nov., 1868, to May, 1869, by Benjamin Silliman, 


M.A, M.D., and Henry Wurtz, M.A., N: Y. 8vo, ‘pp. 126, printed for private 
distribution. 
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gas, reaching a total loss of 80 per cent with 15 per cent of air 
added ; while we obtain 57°53 per cent loss with 16 per cent ; 
and 93 per cent loss with 20 per cent air, while with the lat- 
ter volume of air added we get 72°90 per cent loss. These 
differences may be accounted for by the French trials being 
made upon a gas of not more than 12 candles power, our trials 
being made on a gas averaging nearly 15 candles. Also, by the 
fact that in the French experiments the gas was burned from 
a batswing burner, ours from a standard Argand. 

In the experiments of Messrs. Audouin and Bérard, two gas 
holders of equal capacity were filled, one with standard gas 
and the other with the same gas mixed with 1, 2, 3, etc. per 
cent of air. Hach fed a burner of the second class, regulated 
to a consumption of 140 litres of gas per hour. The illumi- 
nating power of the two were compared by making that of 
the pure gas equal unity. The results are given in the fol- 
lowing Table, where each figure gives the mean of 6 or 8 con- 
cordant observations. 

TABLE II. 


Table showing the results of mixture of air with gas, by Messrs. Audouin and Bérard. 


Common Gas. Gas mingled with Air. 


uantity 
Intensity. _ Size of Flame. _ of air |Intensity. {Intensity Size of Flame. _ 
Height. |Breadth. || per 100. Height. |Breadth. 


mm. mm. 
92 102 
100 


By this table it appears that the introduction of 6 to 7 per 
100 of air, suffices to diminish the intensity by one half, and 
a mixture of 20 of air with 80 of gas leaves almost no illumi- 
nation. Unfortunately Messrs. A. and B. do not record the 
actual illuminating power of their standard gas, which however 
we are led to believe cannot be more than 12 candles of the 
English and American standard, 
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We have already alluded to the experiments of Mr. Carl 
Schultz, and annex below a summary of his results. 

Mr. Schultz concludes from his experiments, that the loss 
of illuminating power due to the addition of air to gas, is 
about one-half of one candle for each one per cent of air 
added. He makes the very remarkable observation, that, 
within limits, the addition of air to very rich cannel gas, up 
to 12 per cent of air, was followed by no loss of illuminating 
power, but, on the contrary, by a small gain. Thus boghead 
cannel gas, giving for 88 per cent gas an illuminating power of 
27°47 candles, or for 100 per cent gas 31°32 candles, with 12 per 
cent of air, gave 28°29 candles, showing that 12 per cent of at- 
mospheric air had increased the illuminating power of the flame 
by 0°82 candles. These results are obtained only by the use 
of an Argand burner. By substituting an intensity burner 
for the Argand, the results obtained with gas from boghead 
conform to the rule of half a candle loss for each one per cent 
of air. (Rev. Mr. Bowditch also states jgenerally, that “ im- 
purities are far less destructive of light in Argand burners.”) 

Mr. Schultz sums up his results in the following propo- 
sitions : 

1. When coal gas is mixed with atmospheric air, its illu- 
minating power for all five feet burners is reduced in the pro- 
portion of half a standard candle to every 1 per cent of air pres- 
ent, except in case of very rich gas burned with a 15 hole 
Argand. 

2. One cubic foot of atmospheric air will destroy an amount 
of light equal to 10 English standard candles, during one 
hour. 

3. This loss being constant, the percentage of aggregate 
loss will vary with the illuminating power of the gas used. 

While our results confirm in general those of Mr. Schultz in 
1860, and of Messrs. Audouin and Bérard, in 1862 ; it is ob- 
vious that the ratio of loss, with equal increments of air added 
to a 15 candle gas, is by no means constant. The difficulty of 
obtaining exact results, by the method of mixture of measured 
volumes is so considerable, especially with quantities below 
10 per cent, that the only safe control of the results is that which 
is obtained by eudiometrical analysis of the several mixtures test- 
ed, as was done by us in all cases both before and after the 
addition of air. It is obvious that the surprising loss of in- 
tensity by the addition to illuminating gas of small percent- 
ages of air must be owing not merely to the interior combus- 
tion due to the presence of oxygen, but still more, probably, to 
the associated nitrogen which acts not only asa diluent, or 
deductive quantity, but its specific heat is an actual divisory 
function in diminishing the flame temperature. The interest- 
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ing observation, first made by Mr. Schultz, that in very rich 
cannel gas, there is actualy an increase of intensity within 
certain limits due to the presence of oxygen, suggests another 
series of experiments with successive additions of oxygen to a 
gas of high illuminating power, which we propose to under- 
take at our early convenience, as also another series upon mix- 
tures of progressive quantities of carbonic acid. 
May 17, 1869. 


Note.—Erdmann’s Photometer (‘‘ Gaspriifer”) depends on the use of air to de- 
stroy the illuminating power of gas. Elster has employed this instrument in a 
series of researches undertaken to determine the theoretical illuminating power of 
different materials (Journal fiir Gasbeleuchiung, Munich, 1862, p. 384, et seq.) 
After removing the illuminants by sulphuric acid, he found that ordinary illumi- 
nating coal-gas required 150 volumes of air to destroy completely the yellow 
flame of 100 volumes of gas. If the amount of light obtained by the addition 
of 1 per cent of olefiant gas to the decarburetted gas employed in a definite 
burner, is called one candle, it was found necessary to add 6°5 per cent of air to 
destroy the illuminating power of this gas containing one per cent of olefiant 
gas or to destroy one candle power. Asa like quantity of carbon, carried to a 
white heat, produces always, in a gas burning from the same burner, the same 
quantity of light, and it requires the same quantity of air to transform it into 
carbonic acid, we may regard an ordinary 12-candle gas asa mixture of an un- 
known non-luminous gas, holding in suspension during combustion a quantity of 
white-hot carbon, equivalent to 12 per cent of olefiant gas, and requiring, conse- 
quently, a quantity of air equal to 210 volumes for 100 volumes of gas (88X15 

+12X65=210). Each additional candle power requires an addition of 5 vol- 
umes of air, as the constant indicated by these results of Elster. [Translated 
from Schilling, French Edition of 1868.] 

In the use of the Erdmann apparatus, itis found that the volume of air re- 
quired completely to destroy the illuminating power of coal-gas ranges from 188 
to 245 volumes per 100 volumes of gas, varying with its richness. 

These results, it will be observed harmonize in a satisfactory manner with 
those obtained by us, as embodied in Table I. 

Every chemist will at once recur, also, to the action of air upon gas in the 
Bunsen burner, in constant use in all laboratories provided with gas—an instru- 
ment identical in principle with the Gaspriifer of Erdmann. 


Art. V.—Description of a new Species of Protichnites from 
the Potsdam Sandstone of New York; by O. C. Marsh, Pro- 
fessor of Paleontology in Yale College.* (With a plate.) 


Tue first discovery of footprints in the Lower Silurian of 
this country appears to have been made in 1847, in the Pots- 
dam sandstone at Beauharnois, Canada East. In 1851 an ac- 
count of the locality was published by Sir Wm. E, Logan, and 
with it appeared a short description of the impressions them- 
selves by Prof. Owen, of London, who then considered them 
tracks of a Tortoise.t Subsequent explorations by the Geolog- 
ical Survey of Canada brought to light new localities and ad- 
ditional specimens in the same region, and in the following year 


* Read before the Am. Association of Science, Chicago Meeting, August, 1868. 
+ Journal of the Geological Soc. of London, vii, pp. 247 and 250. 
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the geological age of the strata containing them was fully dis- 
cussed by Sir Wm. EH. Logan, and a more detailed description 
of the footprints was given by Prof. Owen, who now regarded 
them as made by a large crustacean, probably allied to the mod- 
ern Limulus.* He applied to these impressions the generic 
name Protichnites, and distinguished six species, or varieties, 
apparently quite distinct from each other.t A trail of a different 
character was afterwards discovered in the same formation, near 
Perth, Canada West, and described by Sir Wm. E. Logan, un- 
der the name Climactichnites Wilsoni.t This was supposed 
to be the track of a Gasteropod, but Prof. Dana has since sug- 
gested that it may have been made by a large Trilobite.§ Up 
to the present time, eight localities of footprints have been found 
in the Potsdam sandstone of Canada, along the strike of the 
formation for about 400 miles, and all at about the same hori- 
zon, or within 50 to 70 feet of the top.|| 

From the Lower Silurian of the United States, no footprints 
appear to have been described hitherto, although their existence 
in these strata is now clearly established. An interesting series 
of impressions was discovered by the writer on the western shore 
of Lake Champlain, during a visit to that region in August, 
1867. They were found on a ripplemarked surface of Pots- 
dam sandstone, just above the then water-line of the lake, a 
short distance north of the village of Port Kent. The rock isa 
hard, white quartzite, resembling that containing the footprints 
in Canada, although probably belonging to a somewhat lower 
horizon, ‘The impressions obtained, which indicate a new form 
of Crustacean track, were in two portions, on the same surface, 
and evidently made by the same animal. They form together 
a series of footprints, about six feet in length, consisting of 
two parallel rows of impressions, separated from each other by 
aspace of about one and three fourth inches, and having an 
extreme width between their outer edges of two and a half 
inches, Their form and general appearance is represented, 
one fifth the natural size, in the accompaning plate, which does 
not, however, give all of the minor impressions. 

One of the most striking features of this series, which read- 
ily distinguishes it from the Protichnites already described, is 
the absence of a medial trail, or tail-mark. No indication of 
such an impression can be detected, even when the track passes 
over the ridges of the ripplemarks, where it certainly would be 

* This opinion has since been confirmed by Dr. J. W. Dawson, after an exami- 
nation of the tracks of a living specimen of L. polyphemus. Canadian Natural- 
ist, Vil, p. 

tated of the Geological Soc. of London, viii, pp. 199 and 214. 


ea Naturalist, v, p. 279, 1860. 
Manual of Geology, p. 189. |] Geology of Canada, 1863, p. 108. 
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seen if at all. The footprints indicate, moreover, a muchsmaller 
animal than those which made the other forms of Protichnites, 
the width of this series being in general less than one half 
that of the other species, excepting P. multinotatus, from 
which, however, it differs in the absence of the medial groove, 
and in the less numerous, and more irregular footmarks, 

The margins of the individual impressions are not in most 
instances accurately defined, partly perhaps owing to the fact 
that the surface of the sandstone has been somewhat worn by 
the water and ice of thelake. In this way some of the smaller 
impressions may have been obscured or obliterated, as it is now 
difficult to trace with certainty through the whole series the 
groups of footprints which correspond to the repeated ap- 
plications of the same limbs of the animal; although such 
a@ repetition is easily recognized where the tracks are best pre- 
served. In such places the impressions are seen to be arranged 
in groups of six, which in each row evidently represent succes- 
sive applications of the same series of limbs, the corresponding 
set on the other side making a group nearly or quite opposite 
when the animal moved directly forward, but partially alternat- 
ing when it turned to the right or left. Each group appears to 
consist of four impressions in the direct linear series, and two 
additional ones inside, and a little behind the last two, The 
divergence of the impressions thus produced probably indicates, 
as Prof. Owen has shown in regard to the other species, the di- 
rection in which the animal was moving. 

The bottoms of some of the tracks are sharply defined, and 
were evidently impressed by hard pointed limbs. This would 
show conclusively that they were not made by a Trilobite, to 
which their origin might otherwise naturally be attributed ; 
while the absence of a medial groove would probably exclude a 
Crustacean of the type that made the other Protichnites. The 
points of difference between this species and those hitherto de- 
scribed are sufficiently marked to justify its separation, and it 
may very appropriately be named, Protichnites Logananus, in 
honor of Sir Wm. E. Logan, Director of the Canadian Geol- 
ogical Survey, to whom this branch of paleontology is so much 
indebted. 

The peculiar interest attached to these various footprints on 
the oldest Silurian strata depends in part upon the fact, that we 
thus have evidence of forms of life before unsuspected ; since 
no other indications of the animal that made them have as yet 
been discovered. An exception should perhaps be made of 
the small Limuloid Crustacean (Aglaspis Barrandi,) de- 
scribed by Prof. Hall, from the Potsdam sandstone of Wis- 
consin and Minnesota, which may have made footprints some- 
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what similar to the Protichnites.* Indistinct impressions, re- 
sembling those of Canada, have indeed been observed by Mr. 
Daniels in this formation in Wisconsin, although not at the 
same horizon in which the remains were found. The Aglaspis 
of the Potsdam, and the Eurypterus of the Upper Silurian at 
least indicate the general affinities of the Crustaceans that have 
recorded their existence in the Protichnites, and the remains of 
the animals themselves will doubtless be brought to light at no 
distant day, and thus reveal their true nature. 


Art. VI.—Notices of papers in Physiological Chemistry— 
No. II; by Georcze F. Barker, M.D. 


5. On the formation of sugar in the liver. 
[Concluded from vol. xlvii, p. 398.] 


(64.) On the 24th of January, 1861, Dr. Pavy presented’ 
a paper to the Royal Society,t upon the influence of alkalies 
on the production of sugar. His previous experiments showed 
that the introduction of sodic carbonate into the circulation of 
an animal whose sympathetic nerve was divided, prevented the 
diabetes which would normally result; that on excising, for 
example, the superior cervical ganglia, or on dividing the as- 
cending branches of the superior thoracic ganglia of a dog, 
diabetes would appear almost uniformly ; and that in ten ex- 
periments now reported, about 200 grains of crystallized sodic 
carbonate, introduced into the jugular vein before the opera-- 
tion, entirely prevented this diabetic state, Under this treat- 
ment, the urine is copious, light-colored, and alkaline to test- 
papers, effervescing strongly on the addition of an acid. But 
on the other hand, if life be destroyed after the introduction 
of the carbonate of sodium, and the circulation be artificially 
maintained, the appearance of sugar in the urine is not pre- 
vented. This must be so, since the post-mortem changes pro- 
duce it in the liver, whence it enters the blood and is elimina- 
ted by the kidneys. In two experiments 200 grains sodic car- 
bonate were introduced into the jugular vein previous to the 
destruction of life by pithing ; the circulation being main- 
tained by artificial respiration, an enormous flow of alkaline 
urine took place, which was saccharine. If, however, the so- 
dic carbonate reaches the liver in sufficient quantity, it pre- 
vents the production of sugar there, and of course, its appear- 

* Sixteenth Regents’ Report on N. Y. Cabinet, p. 181, 1863. 

t Proc. Roy. Soc, xi. 90. 

Am. Jour. Sct.—SEconD Sgries, VoL. XLVIII, No. 142.—Juzy, 1869. 

4 


50 G. F. Barker—Physiological Chemistry. 


ance in the urine also. If the injection be made into the gen- 
eral venous system, the amount which reaches the liver is too 
small to produce the effect ; but if introduced into the portal 
vein, all must go to the liver and exert its action. 200 grains 
sodic carbonate dissolved in an ounce of water, were injected 
into a branch of the portal vein of a dog, and the animal was 
then killed. Artificial respiration was kept up for 1}? hours, 
the heart beating vigorously all the time. The urine which 
collected in the bladder was pale and alkaline, and effervesced 
with acids, but gave no trace of sugar. The liver was also 
devoid of sugar, but became saccharine in 24hours. Dr, Pavy 
then investigated the action of an alkali on the hepatine dur- 
ing life. He had long before noticed that the ingestion of po- 
tassic carbonate caused the hepatine to disappear very rapidly 
from the liver ; and this without the production of sugar. 200 
grains in two ounces of water, injected through the esopha- 
gus into the stomach of a dog recently fed, caused the death of 
the animal within 12 hours ; no trace of hepatine or sugar ex- 
isted in the liver. If the carbonate be injected into a branch 
of the portal vein, the disappearance of the hepatine takes 
place in a proportionally shorter time. In one experiment, 80 
grains sodic carbonate in 64 ounces of water were injected into 
one of the mesenteric veins, and the dog was killed in one 
hour. The liver was somewhat congested but contained 
neither hepatine nor sugar. Hence it appears that by the in- 
fluence of this salt, the whole of the hepatine may be rapidly 
destroyed during life, without the formation of sugar. To 
ensure success, however, in such experiments, Pavy found it 
necessary to use the solution quite concentrated, and to 
throw it in rapidly ; it then seems to suspend the liver cir- 
culation, and to exude into the tissue. Holding the muzzle 
of the animal so as to check his breathing, has the same effect. 
Using the cautions suggested by his experience, Pavy was able 
to cause the disappearance of the hepatine in even a few min- 
utes ; 100 grains sodic carbonate in half an ounce of water 
were injected into one of the mesenteric veins of a large dog, 
and the liver tested at once ; it contained a trace of sugar but 
no hepatine, Caustic alkalies cannot replace the carbonated, 
since they coagulate the blood, and perforate the vessels. Dr. 
Pavy next asks how this disappearance is effected, and what 
the substance is into which the hepatine is transformed. 
First, he proves that the hepatine is really absent or trans- 
formed in these cases, and is not merely masked in its reactions 
by the injection. Moreover, the presence of alkalies or of their 
carbonates does not prevent the precipitation of hepatine by 
alcohol; the solution is still lactescent, is colored red by iodine, 
and when boiled with acids or acted upon by saliva, is conver- 
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ted into sugar. In the cases mentioned, however, all these tests 
failed, Again, the hepatine is not changed into sugar by the 
alkaline carbonate ; inasmuch as, were this the fact, an ordi- 
nary liver weighing 74 lbs. and containing 7 per cent of hepa- 
tine, ought to yield—allowing 1} parts of hepatine to produce 
1 of sugar—over one hundred and fifty grains of sugar, an 
amount readily detected. Nor, further, is it decomposed as 
fast as formed ; at least not by the carbonate, which appears 
to have no action on sugar. 200 grains each of sodic carbonate 
and grape sugar were dissolved together in an ounce of water, 
and the solution was injected into a mesenteric vein of a good- 
sized dog. Blood afterward drawn from the carotid was sac- 
charine; and iu half an hour when the animal was killed, both 
the liver and the blood contained sugar. The urine was bloody 
—as is always the case when so much sodic carbonate is in- 
jected—and contained sugar. Finally, the hepatine does not 
seem to disappear from any direct chemical action of the car- 
bonate upon it; since even caustic alkalies at a boiling heat 
are without effect. Pavy therefore concludes “ that the rapid 
disappearance of hepatine is due to one of those catalytic ac- 
tions of which we have such numerous examples occurring 
amongst the phenomena of life.” Another remarkable fact 
which Pavy states is that while the post-mortem injection of 
sodic carbonate into the liver prevents the production of sugar, 
it does not cause the disappearance of the hepatine. Moreover, 
in the liver of a cod-fish which he examined, the ordinary post- 
mortem production of sugar seemed to be spontaneously resis- 
ted ; no sugar appearing after 24 hours repose nor after expo- 
sure ty warmth for three hours. In this liver either the he- 
patine was protected, as in the experiments with sodic carbon- 
ate, or the catalytic agent was wanting to effect the change. 
Pavy also notices that after the introduction of sodic carbon- 
ate into the liver, this organ yields on analysis a very high 
percentage of fat. The usual quantity being from 4 to 6 
per cent, Pavy’s analyses of livers after the above treatment 
showed them to contain from 10 to over 13 per cent of fat ; 
obviously establishing a close connection between hepatine and 
fat, From the results obtained, Pavy concludes: Ist, That 
sodic carbonate introduced into the blood, prevents the pro- 
duction of saccharine urine after lesions of the sympathetic 
nerve, which otherwise occasion it. 2d, That this salt injected 
into the general venous system, does not prevent the diabetic 
condition after death when the circulation is artificially main- 
tained ; but injected into the portal system so that it all may 
pass into the liver, it keeps the urine free from sugar. 34d, 
That sodic carbonate when injected into the portal system dur- 
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ing life causes a rapid disappearance of hepatine from the liver 
without any evidence of the production of sugar. 4th, That 
in this disappearance, the hepatine is not concealed, nor trans- 
formed into sugar, nor destroyed by any direct chemical power 
possessed by the carbonated alkali ; but the facts suggest its 
transformation by a process like catalysis, the products yet es- 
caping discovery. 5th, That sodic carbonate injected into the 
liver after death, does not cause a disappearance of hepatine, but, 
even in moderate quantity, holds its change into sugar com- 
pletely in check. 6th, That there is probably a close connec- 
tion between the disappearance of the hepatine, the produc- 
tion of fat, and the state of the bile. 

(65.) On the ninth of December, G. CoLix communicated 
to the French Academy* a paper on the various conditions of 
the cellules of the liver, in their relation to the activity of 
glycogeny. According to the facts which have now been es- 
tablished, says the author in conclusion, it will be seen that 
the condition of the fat in the liver presents the following 
well characterized differences: Ist, in the herbivora, as the 
horse, the ox, and the sheep, the fatty matters collect in 
the cellules in large amount, and in the form of large drop- 
lets ; 2d, in the case of flesh-eaters, as the dog and the hedge- 
hog, the fat of the cellules is always much more finely divi- 
ded, and is not therefore easily distinguished from the fine 
granular corpuscles with which it is mixed ; and 3d, in birds, 
—where the hepatic cellules are very small,—and especially in 
fishes, the fat is extra-cellular in large part, and is entirely 
free in the tissue of the organ. These differences Colin does 
not attempt to explain fully, but suggests that the route which 
the products of intestinal absorption take in these classes of 
animals, may well be one of the principal causes. With ani- 
mals whose chyliferous system is highly developed, and whose 
enormous villosities are well arranged for absorbing fats, these 
take in great measure the channel of the lacteals and do not 
therefore traverse the liver in order to reach the general circu- 
lation. With birds, on the contrary, and especially with fishes, 
in which the chyliferous system is atrophied, the portal vein 
takes almost the whole of the fatty matters brought into the 
intestine. They may therefore be arrested in the liver, anda 
large quantity be retained. 

(66.) A memoir on the amyloid substance of the liver and 
its ultimate destination in the animal economy, was pre- 
sented to the Royal Society by Dr. McDonne.z, on the 
13th of February, 1863.¢ After a recapitulation of the views 


* C. R., liii, 1063. + Proc. Roy. Soc., xii, 476. 
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thus far held on this subject, the author states that his experi- 
ments sustain Pavy’s view, that the amyloid matter is not 
changed into sugar during life. Hence, it becomes necessary 
to account for the disappearance of this substance and to show 
what its function really is in the animal economy. In the 
opinion of the author, the amyloid substance is ‘on its way 
upward toward the more exalted or complex animal princi- 
ples ;” and he accordingly suggests three points to be inves- 
tigated : Ist, The chemical and physiological relation of amy- 
loid substance, not only in the liver but also in other tissues. 
2d, The comparison of portal and hepatic blood with each 
other, and with arterial and venous blood from other parts of 
the body. 3d, The relation which the different functions of 
the liver bear to each other. The last of these is the most im- 
portant, since, if it be true that the fibrin and albumin of portal 
blood disappear in the liver, forming the amyloid substance, and 
at the same time only a trace of nitrogen is excreted in the bile, 
then we may infer that this nitrogen issues in the hepatic blood 
united to amyloid substance as a new nitrogenous principle, 
which is the protoplasm, from which according to Bernard, or- 
ganic evolution is to be accomplished. McDonnell then calls at- 
tention to the occurrence of the amyloid substance in the feetal 
placental cells, and also in their tissues, as shown by Bernard 
and Rouget; and remarks that these tissues are ‘‘so impregna- 
ted with amyloid substance, that it appears to be the formative 
material from which these tissues are evolved,” being related 
to their growth and development, as starch is to that of vege- 
table tissues. He observes that the horny tissues contain it 
plentifully ; enough for a chemical examination may be ob- 
tained from a single hoof of a foetal calf, and from the mus- 
cles of these embryos from three to seven months old, from 
20 to 50 per cent may be extracted. Being convinced of the 
truth of Pavy’s view that amyloid substance is not normally 
changed into glucose, and having himself proved the accuracy 
of the facts stated by Bernard and Rouget concerning the rela- 
tions ot this substance to the foetal tissues, McDonnell asks ““may 
not the liver do for the adult what the foetal tissues do in the 
embryo ? may not this great organ form with the help of the 
amyloid substance secreted in its cells, a nitrogenous compound, 
Just as the muscles of the foetus convert the amyloid substance 
contained in them into the highly nitrogenous material of 
muscular tissue ? May not the amyloid substance of the liver 
be the basis of an azotized protoplasma forming a constituent 
of the blood of the adult animal, as the amyloid substance of 
muscle is the basis of the material from which the evolution 
of muscular tissue is accomplished ?” The author is disposed 
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to answer these questions in the affirmative, since the disappear- 
ance of portal fibrin and albumin leaves so much nitrogen un- 
accounted for. He supposes this nitrogen to be united with 
the amyloid substance and to leave the liver as a newly-formed 
proteic compound, partly perhaps as globulin, and partly 
as a body intermediate in properties between casein and 
albuminose. As to the function of the liver, three points 
need investigation; Ist, what is the action of this organ 
on the fibrin and albumin of the blood ; 2d, what are the 
nitrogenous constituents of healthy bile; 3d, what is the 
relative composition and character of the blood which en- 
ters and that which leaves, the liver. McDonnell’s experi- 
ments confirm Lehmann’s opinion of the fibrin-destroying 
function of the liver ; and they appear to show that the quan- 
tity of nitrogen eliminated in the bile is very small in compari- 
son with that which disappears; and also that the blood in pass- 
ing through the liver becomes greatly enriched in colorless cor- 
puscles, and contains a peculiar azotized body termed blood- 
casein. The blood which leaves the liver therefore, is richer 
in this compound than arterial blood ; and this again is richer 
in it than venous blood. Moreover, it contains five or ten 
times as many colorless corpuscles as portal blood. It is hence 
fair to infer that these colorless corpuscles are formed within 
the liver by the union of amyloid substance with nitrogen de- 
rived in some form from the retrograde metamorphosis of tissue. 

(67.) The same year WinoGRADOFF published* a method 
for quantitatively estimating the glycogen and the sugar of 
the liver. A piece of this organ is sliced off, at once weighed 
and plunged into boiling water, then finely divided and rub- 
bed to a pulp with boneblack in a mortar, thrown on a filter 
and washed with distilled water till the filtrate passes through 
clear. This filtrate is then poured into five times its bulk of 
strong alcohol and allowed to stand. After 24 hours, when 
the glycogen is completely deposited, it is brought on a filter 
and washed with aleohol; it is then dissolved in distilled water, 
again precipitated by alcohol, the alcohol carefully decanted, 
the precipitate collected on a weighed filter, dried at 100° C., 
and weighed. In the first alcoholic filtrate after evaporation 
to dryness and re-solution, the sugar is estimated by means of 
a freshly prepared Fehling’s solution. Fresenius, after quot- 
ing this method,} remarks that it can make no claim to accu- 
racy, since it is well known that glycogen so prepared is tough 
and contains albuminates ; these may be easily and completely 
removed by boiling with potassic hydrate, which leaves the 
glycogen unaltered. The purification may also be effected by 
precipitation with glacial acetic acid. 


* Virchow’s Archiy., xxvii, 543. + Zeitschr. f. Analyt. Ch., ii, 453. 
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(68.) In his notices of the progress of physiology in 1862,* 
MEISSNER gives Pavy’s views at length,} and remarks that they 
are sustained by his own experiments. He had proved that 
blood removed from the right side of the heart of a healthy 
dog during life—the animal not being narcotized—contained 
only minute traces of sugar; no more indeed, than was 
found in the blood of the femoral artery drawn at the same 
time. He confirms the statement that plunging the liver into 
boiling water immediately after death, prevents the production 
of sigar; a piece of liver, cut from a living rabbit and thus 
treated, yielding not a trace of sugar, while another piece of 
the same organ, taken a short time after death, was saccharine. 
He maintains too, the correctness of Pavy’s conclusions (1) that 
the blood of the general circulation always contains traces of 
sugar ; and (2) that the liver is either entirely free from sugar 
during life or contains but a trace ; though after death, as well 
as during certain abnormal conditions in life, the amyloid sub- 
stance is converted into sugar with astonishing rapidity. 

(69.) In a second communication, made to the Royal Soci- 
ety, May 30, 1864, McDonneELL continues his observations on 
the amyloid substance of the animal economy. Pure amyloid 
matter, whether obtained from the liver, or from fcetal tissues, 
has the composition €,H,,@,, according to his analyses. His 
previous assertion that this substance is dextro-rotatory like 
dextrin, he has been unable to verify, as even half a grain in an 
ounce of distilled water produces an opalescence,—due to par- 
tial solution,—which prevents its use in the saccharimeter. 
As to the amount of amyloid substance in the different tissues 
and in the same tissues at different periods of fcetal life, the 
author thinks that the extreme delicacy of the acidulated tinc- 
ture of iodine test is such (one-tenth of a grain of amyloid 
matter in an ounce of water being readily detected) as to lead 
to error in its estimation. McDonnell maintains too, that the 
amyloid substance grows less and less in proportion as the tis- 
sues are developed, and that, contrary to the opinion of Ber- 
nard, it disappears long before birth. In cartilage it very early 
appears in the cellules, but very soon afterward disappears. 
The epithelial cells of the skin, particularly where these cells 
aggregate together for the commencing development of a feath- 
er or a hair, show a great abundance of the amyloid matter. 
So also the horny appendages of the skin, as the bill 
of the chick, the claws, hoofs, etc., all contain it in large 
amount up toa certain stage of development. From seven 
grains of the horny tissue of the feet of a foetal calf of four 

* Bericht iiber die Fortschritte der Physiologie im Jahre 1862, 310. Leipzig, 1864. 


+ Researches on the nature and treatment of Diabetes, London, 1862. 
¢ Proc. Roy. Soc., xiii, 317. 
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months, dried at 212° F., 1:3 grains of amyioid substance were 
obtained. An examination of the same weight of tissue from 
a nearly full-grown foetus, gave an amount too small to be es- 
timated. If the tails from a series of foetal lambs of differ- 
ent ages be placed in a weak acidulated tincture of iodine, the 
gradual increase of the coloring up to a certain period of in- 
tra-uterine life, and then its diminution from that point, is 
well exhibited. In the sheep the maximum amount is found 
in the foetus of nine inches. The lung-tissues of mammalian 
embryos contain at certain periods an immense quantity of 
amyloid matter; this substance constituting more than 50 
per cent of the dry residue. Before the animal has drawn its 
first breath, however, it has all disappeared. In voluntary 
muscle, the amount is not as uniform; and, though it dimin- 
ishes before birth it does not entirely disappear, since volun- 
tary muscle can hardly be said to reach maturity at birth. 
The muscle of the heart, however, which attains maturity 
earlier than any other muscular tissue, loses its amyloid mat- 
ter earlier. The amyloid substance in the liver increases up 
to and after birth, though it does not make its appearance in 
that organ until a late period. The quantity is small even at 
birth, being only two per cent in a foetal lamb 20 inches long. 
The rapidly-growing horn of a young stag, on the other hand, 
contained no amyloid matter, nor did the horn of a calf; the 
hair bulbs of adults do not contain it, nor is it to be detected 
in the new muscular fibres of the uterus after delivery. It 
does not change into sugar during foetal life, nor does it give 
rise to fat ; it seems rather to be a formative material which, 
uniting gradually with nitrogen, gives origin to the azotized 
structures, 

(70.) The results above given were communicated by Mc- 
DonnELL to the French Academy nearly a year later, May 8, 
1865.* With them, however, some new facts were given. 
His experiments show that with animals living on their usual 
food, and apparently healthy, not only the weight of the liver 
varies considerably as compared with that of the entire body, 
but the proportion of starchy matter in this organ also varies 
greatly, as is shown in the following table, which gives the mean 
of six experiments upon each kind of animal : 

Weight of liver compared Proportion of 
Animals. with that of entire body. amyloid matter. 
Dogs, 1:30 4°5 
Cats, 1:19 
Rabbits, 1:85 
Pigeons, 1:44 
Guinea pigs 1:21 
1 
1 


Rats, 796 
Hedgehogs, 227 
C. R, lx, 963. 
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From this it will be seen that the volume of the liver of the 
cat in a state of health and when fed on meat is almost double 
that of the rabbit at the period of most active digestion ; 
nevertheless, the liver of a large well-fed cat gives not more 
than 2 the quantity of amyloid matter yielded by the liver of 
arabbit fed on carrots, bread, and parsley. Saccharine food 
causes the production of amyloid matter in the liver much 
more readily than nitrogenous food ; although it is a well es- 
tablished fact that this organ can make the amyloid substance 
from blood-fibrin, from wheat-glutin, or from fresh meat. 
McDonnell claims also to have proved, contrary to the opinion 
of an eminent physiologist, that there is no more amyloid mat- 
ter in the liver of an animal fed on gelatin than there is in the 
liver of a fasting animal. Gelatin therefore, is not trans- 
formed into amyloid matter by the liver. The same is true of 
fat. 

(71.) Thesame year F. Rirrer published* some experiments 
upon the normal conversion of glycogen. His paper begins by 
stating the views at that time held upon this subject. As to 
its origin he inclines to the belief that it comes from the split- 
ting up of albuminates, rather than from a metamorphosis of 
carbohydrates. Pavy’s assertion of its non-conversion into 
sugar is easily verified; but, though confirmed by McDonnell, 
who showed the absence of sugar in the blood of the right ven- 
tricle, and by Meissner, who found no sugar in perfectly fresh 
liver, the need of further proof was still apparent ; his experi- 
ments were undertaken to furnish this proof, being made under 
Professor Meissner’s direction. The method which he pursued 
is as follows: the abdomen of a living rabbit, firmly held by 
an assistant, is opened by a single stroke of a sharp knife, a 
piece of the liver cut or torn off, and cut into fine pieces, which 
are plunged into water kept actively boiling. The use of too 
large a liver-fragment is to be avoided ; and the author prefers 
to use scissors in cutting it fine, holding it over the boiling 
water so that the pieces as cut shall fall therein. The solution 
is freed from coloring matter and albumin, by adding a few 
drops of acetic acid ; on filtering, an opalescent, weak wine- 
yellow colored liquid is obtained. In all the experiments made, 
in which the above process was performed expeditiously, not a 
trace of sugar was detected in this liver-extract, which was tes- 
ted as follows: a small quantity of cupric sulphate solution was 
added to the still warm extract, and then potassic hydrate. If 
on heating to boiling no separation of cuprous oxyd took place, 
a few drops of a freshly prepared solution of potassic ferricy- 
anid were added ; a pure yellow precipitate proved the absence 


* Zeitschr. f. rat. Med., ITI, xxiv, 65, 1865. 
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of all reducing substances. Ritter believes that the use of pure 
solutions of cupric sulphate and of potassic hydrate, mixed 
only when used, prevents many errors which arise from the use 
of tests prepared beforehand with some organic substance. 
That the failure of the reaction in the above experiments was 
not due to the presence of a substance which either prevented 
the oxydation of the sugar or masked in some way the reaction, 
is shown: lst, by the fact that no other test detected sugar ; 
and 2nd, that on digesting the liver-extract with saliva or boil- 
ing it with a dilute acid, it afforded the reaction distinctly, 
Moreover, a solution of the same liver, less rapidly prepared, 
reduced readily the copper-tests. A series of experiments were 
then made by taking a number of capsules containing boiling 
water, and in the first, converting a piece of liver into extract 
at once, as above; a second piece of liver was then taken, the an- 
imal having died meanwhile, and treated in the second capsule ; 
in the third, a third piece was treated, taken still later ; and so 
on. All the solutions thus prepared, excepting only the first, 
reduced the copper-tests ; the reaction always being stronger, 
the longer after death the piece was taken ; thus proving that 
the absence of sugar in the first specimen is due to the fact 
that the time was too short for the post-mortem changes to take 
place. Bernard admits only an increase of the sugar after 
death ; these experiments show that it is rather a production 
of this substance. If the pieces put into boiling water are 
moderately large, then the heat penetrates them slowly and 
sugar is found in the extract. Ritter finds therefore that it is 
better to divide them finely, since there is less change during this 
process than during the time required for the heat ta penetrate 
a large mass. These experiments, repeated a great number of 
times on rabbits, gave in every case save one—where too much 
time was used in the preparation—a uniform result. “The 
liver of a healthy living rabbit, though rich in glycogen, con- 
tajns not a trace of sugar; though after death the formation 
of sugar begins at once.” Ritter also experimented on two 
dogs, two cats, and three pigeons, with the same results. The 
process is easiest with birds, With larger animals, their strug- 
gles interfere with the liver-circulation and sugar is produced 
in that organ, even before death. The dogs were killed bya 
blow on the head, and liver was instantly examined ; no sugar 
was found in it, though glycogen was abundant. Ritter finds 
moreover, that Bernard’s method of removing hepatic venous 
blood is faulty, since the time occupied in reaching and ligating 
these veins, suffices to cause the production of sugar in the liver. 
The easiest mode of procuring pure hepatic blood is to cathe- 
terize the right ventricle, since hepatic blood constitutes a large 
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proportion of its contents, The experiment is easily performed 
with dogs by passing an elastic catheter through the right jug- 
ular vein for a distance equal to that of the heart ; the animal 
must not be too tightly bound, nor the quantity of blood remov- 
ed too great. The blood as drawn, is allowed to flow directly 
into an equal volume of boiling water, a trace of acetic acid is 
added, the albumin—thus coagulated—with the adhering col- 
oring matter, removed by filtration, and the scarcely colored 
filtrate tested, either directly or after extraction with alcohol, for 
sugar. Blood taken from the artery or vein of an extremity at 
the same time, was examined in the same way. The results 
show that the blood of the right ventricle, as well as arterial 
blood, contains a minute quantity of sugar, like all healthy 
blood ; but that no more is contained in the blood of the right 
ventricle than in other blood. That it was really sugar that 
reduced the copper-tests was proved by fermentation. In one 
experiment, a dog was catheterized as above, and a portion ot 
blood taken from the right ventricle. The catheter remained, 
while blood for comparison was drawn from the thigh. After 
this operation, which occupied some minutes, a second portion 
of blood was drawn from the catheter. On examination, the 
first portion of ventricular blood contained only the trace of 
sugar ordinarily found; while the arterial blood from the thigh, 
and also the blood subsequently taken from the ventricle, were 
rich in sugar. Hence, the blood had become saccharine in the 
course of the experiment, and this sugar reappeared in the ar- 
terial blood, not having been destroyed in the lungs. With 
regard to the influence exerted by narcosis, Ritter found that 
when morphine was injected under the skin of a dog, the blood 
of the femoral artery and vein, as well as that of the right 
ventricle, taken fifteen minutes afterward, was rich in sugar, 
about an equal quantity being in each specimen; the urine was 
also diabetic. Pavy’s assumption that both the liver and the 
blood contain a ferment, founded on the injection of amyloid 
substance into the blood and the consequent increase of sugar, 
Ritter had not been able to confirm. He injected 15 or 20 c. ¢. 
of a warm concentrated solution of glycogen into the femoral 
veins of rabbits. Nothing abnormal was noticed in their be- 
havior, and scarcely a perceptible increase of sugar was ob- 
served. He suggests that possibly the glycogen may have been 
changed to lactic acid. Nor do his experiments show that amy- 
loid substance can be changed into sugar by the action of freshly- 
drawn blood. Ritter maintains therefore, that the ferment it- 
self is a post mortem production ; and inclines to the belief 
that the amyloid substance is a stage in the physiological pro- 
duction of fats. 
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(72.) A paper by Micnact Foster, on the existence of gly- 
cogen in the tissues of certain entozoa, was presented to the 
Royal Society, November 4, 1865.* Although this substance 
has been found in many of the invertebrata by various obser- 
vers, no one has thus far noticed the very large amount ob- 
tainable from certain entozoa, This fact was first observed 
by Dr. Foster in a tape-worm, though the exact quantity was 
not determined. His principal observations were made on the 
round worm (ascaris lumbricoides ?) found in the intestines 
of the common pig. When minced and boiled with water, a 
milky decoction is obtained, which is turned port-wine red by 
iodine and does not reduce the copper tests. When treated 
with saliva at 35° C., however, the liquid becomes clear and 
then reacts for sugar. On pouring the milky solution into al- 
cohol, an abundant white precipitate falls. Glacial acetic acid 
causes the same precipitation. As only a minute trace of su- 
gar, if any, accompanies the glycogen, Foster estimated the 
amount of the latter substance existing in these animals by 
converting it into sugar and determining this by a copper-test. 
From two worms weighing when fresh 102 grams, with three 
others weighing ten grams, he obtained 2:2 per cent of sugar; 
a very large amount when compared with vertebrate tissues, 
or, indeed, the invertebrate in other cases: a caterpillar weigh- 
ing 6 grams yielding only traces, and a handful of maggots, no 
glycogen. In the ascaris this substance seems to be located in 
the muscular parietes. The author calls attention to the sin- 
gular fact that an animal living in the midst of fluids, one of 
whose chief functions is to change starch into sugar, should 
thus accumulate glycogen in its body. He accounts for it by 
the fact that no ferment exists with the glycogen in the ento- 
zoa to change it into sugar. The use which this glycogen has 
is a difficult question. The intestinal worms being animals, 
must consume oxygen; but the amount which they find in 
the intestinal juices is very small. Nor can they be supposed 
to need “respiratory or calorifacient material,” since they are 
kept warm by the animal in which they live. Whatever the 
use of glycogen in the mammalia, no heat-producing function 
can be offered as the reason of its presence in the ascaris. “Its 
abundance in the muscular parietes might suggest that it was 
material on its way to become muscle. If so, since the ani- 
mals I studied were adults and ova-producing, the analogy of 
this glycogen would be, not with the glycogen of the muscles 
of the early mammalian embryo, but with the glycogen occur- 
ring in small quantities in the full-grown muscles (unless one 
were to push an idea, and say that the tissues of the lower 


* Proc. Roy. Soc., xiv, 543. 
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animals were chemically homologous with the embryonic tis- 
sues of the higher ones).” Its quantity as compared with that 
in the caterpillar and maggot excludes the hypothesis of im- 
mature chitin. Nor in the tenia, certainly, can it have a mus- 
cular future, though it might be there provided for the use of 
the ova, The small amount in the generative apparatus at 
first opposes this view, but the analogy between the ascaris, 
with its glycogen, and the plant, with its blanched starch- 
storing tissues, is striking. May not “‘ migration” occur as 
well in the animal as in the vegetable economy ? 

(73.) Jarr& has published the results of some examinations 
of the organs of persons variously diseased, for glycogen.* 
Only in rare cases was he able to find this substance in the 
organs of diabetic patients, and then only traces were detect- 
ed. Once he found it in the brain, once in the spleen, and 
once in the pia mater ; in th latter case the patient had died 
from suppurative meningitis, 

(74.) A paper was sent to the French Academy on the 19th 
of March, 1866, by Burzio, in which, after alluding to the 
discovery of amyloid matter by BeRNap in the liver and the 
foetal tissues, he notices particularly McDonnell’s research, 
and states that the large amount of this substance found by 
him—50 per cent of the dried foetal pulmonary tissue— led 
him to undertake the examination of this question. In reflect- 
ing upon the conditions of animal life at the period when this 
glycogen is so abundant in the tissues, aided also by other 
considerations, he concluded that this substance was the more 
abundant the less the energy with which the force of innerva- 
tion acted, a view which the facts have subsequently confirmed. 
Proceeding from this hypothesis, he argued that the glycogen 
should be as abundant in the classes of adult inferior animals 
as in the embryonal tissues of superior ones. Certain acepha- 
lous mollusks were first examined for glycogen ; as, for exam- 
ple, the oyster (Ostrea edulis L.), the Car dium edule | 
the Mytilus edulis L., the Solen siliqua L., and the Pecten 
jacobeus L. They all contained it, some of them in large 
proportion, To extract it, the finely-divided mollusk is boiled 
for a long time in water, the water poured off, and the onera- 
tion repeated twice or thrice. The liquids thus obtained are 
concentrated, precipitated by alcohol, and the precipitate 
treated with strong acetic acid. Only a portion dissolves ; 
the supernatant liquid is decanted, and the residue is washed 
with acetic acid. The acid solution is precipitated again with 
alcohol, and the precipitate is again dissolved in acetic acid ; 


* Virchow’s Archiv., xxxii., 20; Jahresb., 1866, 753. +C. R., Ixii. 675. 
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the process being repeated until the glycogen is freed from in- 
organic matter, and particularly from magnesia, of which it at 
first contains a large quantity. Finally, the last precipitate is 
digested in glacial acetic acid to remove the proteic substances 
which it still contains, is well washed, first with alcohol, and 
then with ether, and then dried at 100° C. To compare the 
weight of the glycogen thus obtained with that of the mollusk, 
it is necessary to know how much each of the species mention- 
ed loses in weight by desiccation at 100° C., a datum easily 
obtained. Proceeding as above, Bizio found 14 per cent of 
glycogen in Cardium “edule, and ’93 per cent in Ostrea edulis, 
while Solen siliqua gave a precipitate too small to be deter- 
mined. These numbers acquire significance when it is remem- 
bered that they refer, not to one single organ, but to the whole 
body. He calls attention to the rapidity with which these 
mollusks pass into the lactic fermentation, and states that 
where the glycogen is present in considerable quantity, the 
lactic acid produced suffices to keep the animal from putrefac- 
tion. Hence, from the more or less ready putrefaction of the 
animal, the quantity of glycogen may be inferred. Experi- 
ments show that while the Mytilus edulis and the Cardium 
edule are thus perfectly preserved, the Solen siliqua and Pec- 
ten jacobeus, which contain less glycogen, readily putrefy. 
Arguing from this analogy up to the tissues of the higher 
animals, Bizio took a piece of human liver, and a piece ot: ox 
liver, and kept them seven days. The acidity of the former 
was less, and it evolved no odor, while the second gave an un- 
pleasant odor of volatile acids, and gas slowly escaped. In 
these cases the result is complicated by secondary actions ; 
there is analogy with the mollusks, but not identity. 

(75.) A note, by Bizio, was presented to the Academy, July 
22, 1867,* on some new researches on glycogen. He had 
established the identity of the amylaceous substance which he 
had discovered in the invertebrates, with glycogen. He states 
that this substance, however prepared, always aggregates into 
a gummy transparent mass, when, after being precipitated by 
alcohol, it is allowed to dry slowly in the air at ordinary tem- 
peratures ; the reason of which is, that, after the evaporation of 
the alcohol, it absorbs atmospheric moisture. The pulverulent 
state in which it has generally been obtained, depends on its 
being rapidly dried, Bizio also remarks that the lactic fermenta- 
tion which glycogen suffers when in contact with fibrin or 
casein is exceeding slow. The principal point which he exam- 
ined, however, was the composition of the glycogen. He finds 
that this substance, whether dried at 100° C., or at the ordinary 
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temperature in a vacuum over sulphuric acid, has uniformly 
the composition €, H,, 8,. A portion was then exposed to 
humid air till it was perfectly hydrated, and then dried over 
chlorid of calcium at the ordinary temperature, until it ceased 
to lose weight. This specimen yielded on analysis the formula 
€,2 Ha. @,,. A molecule of water remains united in this case 
to the group ©,2 Hz. ©,,, which is the glycogen formula given 
above, doubled. This, the author thinks, is the true composi- 
tion of glycogen, since it agrees perfectly with the experiments 
and views of Musculus on dextrin, and also with the current 
views on this class of bodies. Moreover, the lead compound 
obtained by precipitating a solution of glycogen with basic 
plumbic acetate is 

(76.) On the 15th of March, 1868, EULENBURG published* 
the results of some experiments which he had conducted in the 
laboratory of Professor Stideler, on the sugar-forming power 
of the liver. He had repeated the experiments of Ritter, fol- 
lowing most explicitly his directions ; and to his great surprise 
obtained a distinct sugar-reaction several times. Indeed, if 
sufficient potassic hydrate was added, and the boiling continued 
for a long time, the reaction never failed. The liver-extract, 
therefore, prepared by Ritter’s method, contains uniformly a 
trace of sugar. To settle the question whether this sugar ori- 
ginated in an imperfection of this method, Eulenburg modi- 
fied the process as follows: the abdomen of a rabbit was opened 
by a transverse incision just below the sternum, a fragment was 
torn from the liver, and immediately triturated in a mortar 
with pounded glass and strong alcohol. Every trace of fer- 
ment-action is excluded by the instantaneous action of the al- 
cohol ; in a few seconds, the piece taken is bruised to the finest 
pulp. The alcoholic extract is digested at a gentle heat, fil- 
tered, the alcohol evaporated, the residue dissolved in a little 
water, precipitated by a few drops of plumbic acetate, filtered, 
the lead removed by sulphydric acid, again filtered, warmed to 
expel excess of the gas, exactly neutralized with sodic hydrate, 
and then used for testing. A somewhat more rapid method is 
to treat the filtrate, after precipitation with plumbic acetate, 
with sodic hydrate till the turbidity at first produced disap- 
pears ; the excess of lead left in tae solution being without ef- 
fect on the sugar-reaction. In testing, for sugar, Eulenburg 
prefers Stadeler’s mixture.t It is raised to boiling, the liquid 

* J. pr. Ch., ciii, 108. 

+ The copper solution—which contains 0°1 gram of metal or 0°1252 of oxyd 
in every 10 c. c—is prepared by dissolving 10 grams pure copper wire in about 
50 ¢. c. concentrated hydrochloric acid, with some nitric acid, carefully neutral- 


izing the excess of acid. and diluting the cold solution to 1000 ¢.c. The tartaric 
ac.d solution contains 15 grams acid in every 40c¢.c. The potassic hydrate solu- 
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to be tested is added, and the ebullition continued for three 
minutes. If at the end of this time, no reaction takes place, the 
absence of sugar may be assumed. With six healthy rabbits, ex- 
periments conducted in this way gave a negative result through- 
out; hence not a trace of sugar exists in the livers of these ani- 
mals during life. With five other rabbits, two parallel series of 
experiments were made; two pieces of the liver were taken from 
each animal and examined, the one by the method now given, 
the other by Ritter’s mode. In some instances the latter 
process was at once applied to the piece first taken. In every 
case, the piece of liver treated with boiling water gave the 
reaction for sugar, while the piece prepared by trituration with 
alcohol, never afforded the slightest trace of sugar. Eulen- 
burg differs also from Ritter on the effect of narcosis on the pro- 
duction of sugar, He shows that the ether-narcosis, at least, 
when not carried too far, does not cause the appearance of sugar 
in the liver, by the following experiments : two powerful albino 
rabbits inhaled pure sulphuric ether for 1 or 14 minutes to com- 
plete insensibility to mechanical irritation, when the abdomen 
was opened, a piece of the liver removed and examined as usual. 
In both animals, the liver was entirely free from sugar, as also 
was the urine. After the death of the animals, however, the 
liver reduced readily the copper-test. A third rabbit was nar- 
cotized with carbonic tetrachlorid, until serious disturbances of 
the respiration, facial breathing and dispnoetic convulsions ap- 
peared, At this stage, the animal seemed dead ; the abdomen 
was opened—the heart pulsating regularly—and a piece of the 
liver removed, and found to contain sugar. The urine was also 
saccharine, ‘It appears therefore, that only a narcotization by 
inhalation rising to a fatal, or at any rate to an extraordinarily 
intense intoxication, can cause the ante-mortem production of 
sugar in the liver.” In conclusion, Eulenburg maintains with 
Ritter, that “even instantly after death, a fragment of the liver, 
ever so carefully triturated with alcohol, shows itself distinctly 
saccharine.” 

tion contains 150 grams commercial hydrate—which should not contain more than 
10 per cent of hygroscopic water—in 1000 c. c. Before each experiment, the 
three fluids are mixed together—10 c. c. copper solution, 10 c. c. potassic hydrate 
solution, and 2 ¢. ec. tartaric acid solution, the last being added before the potash so- 
lution—diluted with an equal bulk of water and heated to boiling. Ifno turbidity 
appears, the solution may be used for testing; if it is troubled, the tartaric acid 
solution must be prepared anew.—Jahresbericht, 1854 p. 747. 


G. T. Kingston on the Aurora at Toronto. 65 


Art. VI.—Aurora at Toronto, Canada ; by G. 'T. Kineston. 


A very grand exhibition of aurora, occupying more or less 
the whole sky, took place on the night of April 15, and con- 
tinued with but slight interruption from dusk till daylight on 
the following morning. 

One part of the display deserving notice from its compara- 
tive rarity was a dark segment similar to those commonly seen 
in the north, though not so well defined, which appeared about 
9 Pp. M, in the south, with an altitude of about 25°. But the 
feature of still more unusual occurrence consisted in a belt of 
luminous haze from 5° to 10° in width, extending through the 
zenith from the eastern to the western point of the horizon, 
the material of which (in appearance) moved like a torrent 
from east to west with prodigious velocity. 

The apparent movement of translation continued from 
about 13' 10™ to 13" 50™, when the matter composing the 
belt became affected by pulsations, which succeeded each other 
in the order from east to west, and with a rapidity still greater 
than that of, the previous apparent motion of translation. 

About 14" the belt broke up and the pulsations became visi- 
ble over the whole sky, the order of their succession being 
from the horizon to the zenith. At 15 the pulsations became 
intermittent and ceased to maintain any apparent order in their 
occurrence: they gradually became more feeble and ceased with 
daybreak. 

Throughout the night a generally diffused luminosity pre- 
vailed, such as is commonly seen with a full moon and hazy 
sky. This was evidently not occasioned by the moon, which 
was scarcely four days old, and was low in the horizon, but was 
part of the aurora itself, the brilliancy of whose more active 
features it greatly impaired. 

Throughout the day and night a considerable magnetic dis- 
turbance was going on. 

From a table giving the digressions of the declination, total 
force, and inclination from their respective standard values the 
remarks which follow have been derived. The standards em- 
ployed for the sake of brevity for the declinometer and the hor- 
izontal and vertical force magnetometers were the approximate 
mean normals of those instruments relative to the whole day. 
The digressions therefore are affected by the diurnal variations 
proper ‘to the times of obsert vation ; but as these are small 
compared with the actual digressions, ‘the i inaccuracy occasioned 
by using the same standard ‘throughout will not materially dis- 
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guise the changes between consecutive observations. The di- 
gressions of the total force and of the inclination have been 
computed from those of the horizontal and vertical compo- 
nents of the force. 


Magnetic Disturbance which preceded and accompanied the Au- 
rora of April 15, 1869. 


Table giving the digressions of the declination, total force, 
and inclination.—The digressions of the declination are ex- 
pressed to the nearest minute of arc, those of total force and 
inclination are expressed in terms of the disturbance limits, 
The disturbance limit of the total force is four times the ten 
thousandth part of the force, and the limit for the inclination 
is one minute of are. 


| Deviations — the mean normal. Deviations from mean normal. 
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The greatest easterly deviation was 93’ at 3 P.M. and the 
greatest westerly deviation 85’ at 7° 15™ Pp. M. 

The deviations after midnight were nearly all easterly. 

_ Total Force—The disturbances of the total force were on 
the average nearly seven times what may be designated as the 
inferior limit of a disturbance, or ‘0004 of the total force. 

The number of the disturbances which increased and ot 
those which diminished the force were nearly equal ; but the 
average magnitude of the latter was to that of the former in 
the ratio of 8 to 5. 

The greatest disturbance which increased the force was 11 
(the unit being 0004) and occurred at 5° 15™ p. m., while the 
greatest disturbance diminishing the force was 23 and occurred 
at 8 P. M. 

The disturbances which diminished the force nearly all took 
place between 6 30 p. mM. and midnight. 

Inclination or Dip.—The disturbances of the dip had an 
average value of about 15’, or 15 times the disturbance limit. 

The disturbances which increased the dip were the more num- 
erous, but those which diminished the dip were of nearly twice 
their magnitude. The greatest increase of dip was 35 and oc- 
curred at 10" 30™ p. m., and the greatest diminution of dip was 
64’ and occu:red at 3 P. M. 

The disturbances increasing the dip nearly all took place 
after 7 Pp. M., those that diminished the dip having occurred 
during the day. 

On the whole, the aurora, together with the magnetic distur- 
bance which preceded and accompanied it, was more remarka- 
ble than any that have been witnessed at Toronto since Sep- 
tember, 1859. 


Magnetic Observatory, Toronto, May 1, 1869. 


Art. VII.—A Qualitative Separation of Cobalt and Nickel ; 
by Frank WIcGLEswortH CLARKE, 8.B. 


A.tTHouGH the methods employed for the quantitative sepa- 
ration of cobalt and nickel are exceedingly exact, none of them 
are sufficiently convenient for ordinary qualitative work. Stro- 
meyer’s process is tedious, and Gibbs’s modification of Liebig’s 
method cannot be used with certainty by beginners, although 
excellent for experienced chemists. Of the purely qualitative 
methods hitherto recommended, none are wholly reliable, nor 
particularly delicate,—probably the blowpipe tests are the best. 
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1 find, however, that the different properties of their ferricy- 
anids afford an easy means of distinguishing between these met- 
als. As is well known, potassium 1 ferricyanid precipitates co- 
balt and nickel from their solutions. The cobalt precipitate is 
of a deep reddish brown color, while the nickel compound is of 
a dirty yellowish brown. The nickel ferricyanid, however, dis- 
solves with the greatest ease in ammonia water, or in solution 
of potassium cyanid, while the corresponding cobalt compound 
is absolutely insoluble in either. It is a note eworthy fact, how- 
ever, that the previous presence of either ammonia water or po- 
tassium cyanid, entirely prevents the precipitation of cobalt 
by the ferricyanid ; the solution, when ammonia is present, 
merely assuming an intense blood red color. This coloration 
has, I believe, been recommended as a test for cobalt, but by 
whom I do not know. 

It is always best to employ the ammonia to dissolve the nickel 
precipitate, since the presence of a cyanid renders the subse- 
quent detection of that metal rather difficult. 

In an analysis I proceed as follows. To the slightly acid so- 
lution containing the two metals, I first add an excess of am- 
monium chlorid. This causes the cobalt precipitate, which 
otherwise would run through the filter, to fall in a denser state, 
and also of a much darker color, often nearly black. I then 
add the potassium ferricyanid until the precipitation is com- 
plete, and afterward agitate strongly with a considerable ex- 
cess of ammonia. Upon filtering, all the cobalt remains upon 
the filter, being recognized by the characteristic color of the 
precipitate, and the nickel is readily detected in the filtrate, by 
means of ammonium sulphid. If, upon filtering, the portion at 
first running through is turbid, it may be disregarded, or re- 
turned to the fil iter, that which filters through subsequently, 
being almost invariably clear. 

I offer this process merely as a convenient means of detect- 
ing cobalt and nickel in presence of each other in ordinary 
analyses. It is not particularly delicate, for, although the mi- 
nutest trace of cobalt is detected, very small quantities of nickel 
will escape recognition. For exceedingly delicate work it is per- 
haps better to employ some good quantitative process, but for 
all ordinary purposes I find this method very convenient, and 
quite reliable. It has been employed with success in the labo- 
ratory of Cornell University, and beginners have found no diffi- 
culty in using it. 

Cornell University, May 13th, 1869. 
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Art. VIII.—Notes on the structure of the Crinoidea, Cystidea 
and Blastoidea; by F.G.8., Paleontologist of 
the Geological Survey of Canada.* 


1. Position of the mouth in relation to the ambulacral system. 


Tue earlier Paleontologists, Gyllenhal, Wahlenberg, Pander, 
Hisinger and others, described the large lateral aperture in the 
Cystidea as the mouth, apparently on account of its resem- 
blance to the five-jawed oral apparatus of the sea-urchins. In 
his famous Monograph “ Uber Cystideen,” 1845, Leopold von 
Buch advocated the view, that it was not the mouth but an 
ovarian aperture ; and that the smaller orifice usually situated 
in the apex, from which the ambulacral grooves radiate, was 
the true oral orifice. These opinions were adopted by Prof. E. 
Forbes in his Memoir on the British Cystidea, by Prof. J. Hall 
in the Paleontology of New York, and by most others who have 
described these fossils, including myself, in my first paper on 
the Cystidea of Canada, published in the Canadian Journal in 
1854. In 1858 I re-investigated the subject while preparing 
my Decade No. 3, and came to the conclusions that the lateral 
aperture was the mouth, in those species which were provided 
with a separate anus ; and that in all others it was both mouth 
and anus. The small apical orifice I described as an ambula- 
cral aperture. According to these views, the mouth of a Cys- 
tidean does not stand in the center of the radial system, as it 
does in all the existing Echinodermata, On this point Prof. 
Wyville Thompson has the following observations ; 

“‘T can see no probability whatever in the opinion lately ad- 
vocated by Mr. Billings, and which has received some vague 
support from the writings of De Koninck and others, that the 
“pyramid” in the Cystideans is the mouth, and that the aper- 
ture whence the ambulacra radiate is simply an “ ambulacral 
orifice.” Such an idea appears to me to be contrary to every 
analogy in the class. There can be no doubt of the existence 
of distinct openings for the passage of the ambulacral nerves 

* This paper was prepared for the press last December, but, as my collection of 
the Blastoidea was small, I thought it best to delay publication until I could ex- 
amine a greater number of specimens. In January I applied to S. 8. Lyon, Esq., 
of Jeffersonville, Indiana, and he replied that, if I would let him know what 
points I wished to investigate, he would supply me with the materials. On my 
giving him the desired information, he, in the most liberal manner, sent me a large 
collection—much larger than I expected to receive—consisting of numerous speci- 
mens of several genera, many of them in the state of preservation best adapted 
for investigation —some of them empty and others silicitied in a matrix of lime- 
stone. Prof, E. J. Chapman (Prof. of Geology and Mineralogy, Univ Coll., To- 
ronto) also kindly supplied me with several Russian Cystideans. To both of these 
gentlemen I here tender my thanks. 
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and vessels from the calyx of many of the paleozoic crinoids ; 
but I think we must certainly assume that in this, as in all 
other known instances, these vessels had their origin in an annu- 
lar vessel surrounding the mouth. In the whole class the eso- 
phageal circular canal seems to be the origin and center of the 
ambulacral system. It is the first part which makes its ap- 
pearance in the embryo, and is so permanent and universal that 
one could scarcely imagine a radiating ambulacral vessel rising 
from any other source. The early origin of this important vas- 
cular center, in this annular form and in this position, evidently 
depends upon, and is closely connected with, the origin of the 
nervous system in the esophageal nerve ring, constant in the 
whole invertebrate series.”* 

With all due deference I cannot admit that we must assume 
that, in the Cystidea, the ambulacral tubes had their origin in 
‘an annular vessel surrounding the mouth.” It is true that 
such a vessel does surround the mouth of existing Echinoder- 
mata, but there is no essential or direct physiological connec- 
tion between the two organs. Their functions are exercised 
independently of each other. There is no organ issuing out of 
the alimentary canal that communicates with the annular ves- 
sel. This latter might be situated in any other part of the 
body and still perform its functions, provided there were a 
connection between it and the ambulacra. In this class, the 
position of the various organs, in relation to each other, and also 
to the general mass of the body, is subject to very great fluctu- 
ations. Thus, the mouth and vent are separated in some of the 
groups, but united in others, while either, or both, may open 
out to the surface directly upward, or downward, or at any 
lateral point. The ovaries may be either dorsal or ventral, in- 
ternal or external, and associated with either the mouth, the 
anus or with neither. The ambulacral skeleton may be im- 
bedded into and form a portion of the general covering of the 
body or lie upon the surface, or borne upon free moving arms. 
In genera belonging to the same family these relations are con- 
stant, or nearly so, but are found to be extremely variable when 
different orders or when remotely allied families are compared. 

While preparing my Decade No. 3, I investigated this sub- 
ject and satisfied myself that in, at least, a large proportion of 
the paleozoic Crinoids, the mouth was disconnected altogether 
from the radial system. A great many species might be re- 
ferred to in which we can see both the center, from which the 
ambulacra proceed, and the mouth ; and at the same time see 
that they are not in the same place. A long train of reason- 
ing is not necessary—only simple inspection. It will be 


* Edinburgh N, Phil. Jour., vol. xiii, p. 112, 1861. 
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quite sufficient to notice a few of these species to prove that the 
rule laid down by Prof. Wyville Thompson, is not a general rule, 


Fig. 1.—This figure is a diagram of the interior of the vault 
of a Crinoid which appears to be Batocrinus icasodactylus 
(Cassiday), a fossil that occurs in the Carboniferous rocks of 
Kentucky. It was sent to me by Mr. S. 8. Lyon of Jefferson- 
ville, Indiana, several years ago. The test is in a beautiful 
state of preservation and perfectly empty, so that all of the 
markings on the inner surface can be distinctly seen. There 
are twenty-one arms, arranged in five groups (a), and the 
same number of ambulacral openings (p), each just large 
enough to admit of the entrance of a slender pin. The mouth 
(mv) is nearly central, and close to it, on the posterior side, 
there is a small rudely pentagonal space (c) with no markings 
except several small tubercles. The grooves are scarcely at all 
impressed and, indeed, I think they never are so in any Crinoid, 
except in those which have a thick test. In this specimen 
their course is clearly indicated by the remains of the thin par- 
titions which either separated them or to which the vessels were 
attached. They do not run directly toward the mouth, as 
they would do if that organ were the center of the ambulacral 
system, but to the small space (c) behind it where there ap- 
pears to have been situated a vesicle or some other apparatus, 
to which all of them were united. Whatever may have been 
the structure of this central organ, from which the five main 
grooves radiate, it no doubt represented the annular vessel of 
the recent Echinodermata to which Prof. Thompson alludes. 

Fig. 2—represents the structure of an Amphoracrinus from 
the Carboniferous rocks of Ireland,—precise locality and spe- 
cies not determined. There are ten arms; the test is very 
thick; the ambulacral channels converge to the central point (c) 
but do not quite reach it ; the mouth (mv) is about half way 
between the center and the margin. In this Crinoid it is per- 
fectly impossible that the mouth can be the center of the radial 
system because the two anterior passages, between which it is 
situated, are for their whole length tunneled, as it were, 
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through the substance of the plates, and only penetrate down- 
ward into the interior at the ‘central space (c). 

Fig. 3—is a plan of the summit of the widely known and 
remarkable fossil Caryocrinus ornatus (Say). In this spe- 
cies there are only three, instead of five, groups of arms. In 
large individuals there are from twelve to twenty free arms 
(but always arranged in the three groups) with a small pore at 
the base of each. This pore is about the size of the ovarian 
pore of an Echinus and can only be seen in well preserved and 
clean specimens. The ambulacral grooves have not yet been 
observed but their course is indicatd by three low rounded 
ridges, which may be seen, in some specimens, radiating from 
a large heptagonal plate situated at (c). The mouth (mv) is 
valvular, composed of from five to eight or ten plates, and is 
always situated near the margin between the two anterior 
groups of arms. With the exception of the ambulacral pores 
there is positively no other aperture in the summit of Caryo- 
crinus. If it be true that the mouth of an Echinoderm 
must be always situated in the radial center, then Caryocrinus 
and also nearly all the paleozoic genera were destitute of that 
aperture. 

Caryocrinus is a genus which seems to form a connecting 
link between the Crinoidea and the Cystidea. By examining 
numerous well polished sections I find that the structure of the 
respiratory areas is the same (in general plan) as that of the 
genera Glyptocystites, Pleurocystites and Echinoencrinites, as 
will be shown further on, The arms are also arranged in three 
croups as in Spheronites and Hemicosmites, while the mouth 
is valvular. On the other hand, the long cylindrical column 
and the arrangement of the arms around the margin, with the 
ambulacral pores at their bases, are crinoidal characters. 

In addition to the above, the following species may be re- 
ferred to, as examples of Crinoids with the mouth separate 
from the center of the radial system. 

Amphoracrinus tesselatus (Phillips)—Figured by J. Rofe, 
Esq., Geol. Mag., vol. ii, p. 8, f. 3. The figure represents a cast 
of the interior of the vault showing the five ambulacral grooves 
in relief. The mouth is situated in the angle between the two 
anterior grooves. 

Strotocrinus perumbrosus (Hall, sp.).—Figured by Meek 
and Worthen in the Geology of Illinois, vol. ii, p. 188, f. 5. 
The specimen is 13 lines in diameter, the ambulacral center 
13 lines from the anterior margin, and the mouth 11 lines.* 

* In April last I received from Messrs. Meek and Worthen a paper entitled, 


‘ Notes on some points in the structure and habits of the Paleozoic Crinoidea.” 
Of all the papers relating to this subject yet published on this continent, this one, 
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Glyptocrinus armosus (McChesney sp.).—This extraordin- 
ary Crinoid is figured by McChesney in his “‘ New Pal. Foss.”, 
pl. 7, £6, and also by Prof. Hall, in the 20th Reg. Rep., N. Y., 
pl. 10, f. 11. The specimens are between 2 and 3 inches in 
length. There are ten arms, the anterior side is much inflated, 
the proboscis appears to be large at its base and excentric in 
its position, but instead of standing erect, it bends down to 
the surface of the vault, and lies upon it, crossing over to the 
posterior margin, Judging from the figures, the center of the 
base of this organ must be distant from the radial center 
at least ore-fourth of the whole width of the vault. G. 
siphonatus (Hall), figured on the same plate, shows, that the 
anterior grooves curve round to the posterior side of the pro- 
boscis, as they do in B. icosadactylus above cited. 

I should also state here that two or three years ago, Mr. 
Meek, to whom I had written for information on this subject, 
wrote me that in all cases, where he had observed the grooves 
on the interior of the vault, they radiated, not from the mouth, 
but from a point “in front of it.” (This would be not in front 
of, but behind the mouth, according to the terminology used in 
these notes. I think that the side in which the mouth is situ- 
ated should be called “ anterior” or “ oral” even although both 
the mouth and anus should be included in it.) 

In all the species above cited, the figures (with the exception 
of C. ornatus) exhibit the relative position of the mouth and 
radial center, as it has been actually seen in casts of the inte- 
rior of the vault. But besides these, numerous examples may 
be found in the works of Miller, Austin, De Koninck, Phillips, 
Meek, Worthen, Shumard, Hall, Lyon, Cassaday and others, 


at least so it appears to me, is the most interesting and important. It is written 
with a clearness and particularity rarely to be seen in paleontological memoirs. 
In some respects it confirms the opinions advocated in these notes, but bears 
directly against my views on the question here under discussion, i. e.—‘ the posi- 
tion of the mouth with relation to the radial center.” As I wish to give the re- 
markable observations of the authors full consideration, I shall not discuss them 
now but delay until the September No. of this Journal. [Meek and Worthen’s 
paper is given in this No., p. 23.—Eps.] I shall only state here, that I believe 
that the grooves on the ventral disc of Cyathocrinus and, also, the internal ‘‘con- 
voluted plate” of the Paleozoic Crinoids, with the tubes radiating therefrom, be- 
long to the respiratory and, perhaps, in part, to the circulatory systems—not to 
the digestive system as is supposed by the authors. The convoluted plate with 
its thickened border, seems to foreshadow the “ zsophageal circular canal” with 
a pendant madreporic apparatus is in the Holothuridea. To me the final deter- 
mination of this question is of much importance, for, if Meek and Worthen are 
Tight, then I must be wrong so far as regards nearly all that I have published 
with reference to the functions of the apertures of the Paleozoic Echnodermata. 
It is fortunate that the solution of this curious problem is now undertaken by 
men who have access to the magnificent cabinets of the geologists of the west- 
ern States, and also by men who habitually discuss scientific subjects with the 
sole object in view of arriving at the truth. 


| 
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of Crinoids whose external characters show that, in them, the 
mouth cannot be in the central point from which the grooves 
radiate, 

With respect to Prof. Thompson’s theory, I freely admit that 
if it is true that in all the echinodermata, fossil and recent, 
the mouth is the radial center, then, that aperture, must be 
the one which I call the ambulacral orifice in the Cystidea. The 
views, however, advocated by me in my Decade No. 3, appear 
to be gradually gaining ground. As these fossils are rare, few 
have occasion to study them, and consequently the subject has 
not been much discussed since 1858, the date of the publica- 
tion of that work. The following are the only authors, so far 
as I have ascertained, who have given their opinions on this 
vexed question during the last eleven years :— 

Prof. Wyville Thompson, op. cit., p. 111 (1861), agrees with 
me that the lateral aperture is not an ovarian orifice, but, as we 
have seen, is strongly opposed to the view that it is the mouth. 
He calls it the anus, 

Prof. Dana (Man. Geol., p. 162, 1863) recognizes it as the 
homologue of the simple aperture (oral and anal) in the sum- 
mit of those Crinoids which have but one. This is exactly my 
view. [J. W. Salter agrees with Prof. Thompson that it is the 
anus, not the ovgrian aperture. (Mem. Geol, Sur. G. B., vol. iii, 
p. 286, 1866.) Prof. 8. Lovén of Stockholm has described, 
in the “ Proceedings of the Royal Swedish Academy”, 1867, 
the remarkable sea Urchin, Leskia mirabilis (Gray), which has 
the mouth constructed on the same plan as that of the Cystidea, 
that is to say, with five triangular valve-like plates, which are 
immediately attached to the interambulacral plates, without 
the intervention of a baccal membrane. After comparing this 
structure with the valvular orifice of Spheronites pomum (Gyll.) 
he says, “ that the ‘pyramid,’ which in Leskia is the armature 
and covering of the mouth, is the same thing in the Cystidea 
is now quite certain ; in the last-named group it was, doubtless, 
also the vent. The mouth does not lie where J. Miiller and 
Volborth sought for it, viz: in the center of the ambulacral 
furrows ; and the organ, interpreted as the vent by Volborth 
and von Buch, is more correctly regarded as an external sexual 
organ.” Geol. Mag., vol. v, p. 181, Dr. Liitken’s trans. ] 


2. On the pectinated rhombs and calycine pores of the Cystidea. 


None of the organs of the Echinodermata have been the 
subject of so much speculation as the calycine pores and the 
so-called “ pectinated rhombs” of the Cystidea. Their re- 
lations and function long remained in doubt but there seems 
to be, now, sufficient data to show that they are respiratory 
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organs, and also, that they are the homologues of the tubular 
apparatus which underlies the ambulacra of the Blastoidea. 
J. Miiller suggested a comparison between these peculiar or- 
gans and the respiratory pores of the Asteride. (Uber den 
bau der Echinodermen, p. 63, 1854.) Prof. Huxley has placed 
them in the same relation. (Medical Times, Dec. 1856.) Eich- 
wald calls them respiratory. pores. (Lethaea Rossica, vol. 1, p. 
614, 1860.) Prof. Dana says “ they are probably connected with 
an aquiferous system and respiration.” (Man. Geol., p. 162, 
1863.) Mr. Rofe, after showing that their structure is the 
same as that of the striated surfaces between the rays of Co- 
daster, says, “From the construction of these striations on the 
face of Codaster, and on the ‘ pectinated rhombs’ of the cys- 
tidea, may we without assumption suggest the possibility of 
their being respiratory sacs, lined with cilia, and constructed 
of a porous test, through which air from the water could pass 
by diffusion.” (Geol. Mag., vol. ii, 251, 1865.) As for myself, 
when I prepared my decade on the cystidea, I gave this sub- 
ject a great deal of consideration, and studied a large number 
of specimens, but could arrive at no conclusion satisfactory to 
myself. I am now convinced that the view of the above 
named distinguished authors is the correct one. These are 
respiratory organs. In all the species in which they occur, 
they seem to be constructed on the same general plan, i. e., 
the interposition of an exceedingly thin partition, between the 
circeumambient water, and the fluid within the general cavity 
of the body. They are usually of a rhomboidal shape—each 
rhomb being divided into two triangles by the suture (ce, c, 
figs. 4, 5,) between two of the plates. In several of the gen- 
era the two halves of the hydrospires are reniform, ovate or 
lunate, and either internal or external. 
5. 


a. Ay 

Fig. 4. Hydrospire of Caryocrinus ornatus. a, surface view, the dots around the 
margin are the spiracles, the small dotted lines represent the course of the flat 
internal canals; c,c, suture between the two plates; }, transverse section. 
5. Hydrospire of pleurocystites. a, surface view: c, c. suture; b, transverse 
section. 6. The same with the points c, c, drawn together. 17. Internal gill 
of a spider. 


/ N 
. 
/ 


76 E.. Billings on the structure of the Crinoidea, etc. 


In order to avoid the use of double terms, I propose to call 
them “ hydrospires,” and their apertures, “ pores,” “fissures,” 
or “ spiracles” according to their form. 

In Caryocrinus ornatus the hydrospires (fig. 4,) are of a 
rhomboidal form, and have each of the four sides bordered by 
a single row of small tubercles. Some of these tubercles have 
a single pore in the summit, while others are perforated with 
a variable number,—from two to twenty, or perhaps more,— 
thus becoming vesicular or spongy. It is only the apex of the 
tubercle, however, that has this structure, for, when this is 
worn off, there is only a single pore to be seen. The pores 
penetrate through the plates but do not communicate directly 
with the general cavity of the body. Internally each hydro- 
spire consists of a number of flat tubes arranged parallel to 
each other and lying side by side, in the direction of the dot- 
ted lines in fig. 4,a. Hach tube receives two of the pores 
seen on the exterior—one pore at each end. These tubes are 
composed of a very thin shelly membrane, which although pos- 
sessed of sufficient rigidity to maintain its form, was no doubt 
of such a minutely porous texture as to admit of the transfu- 
sion of fluids in both directions, outward and inward, Ina 
large hydrospire there are about twenty of those tubes, Their 
greatest breadth is at their midlength where they are crossed 
by the suture c,c; and as they become narrower accordingly 
as their length decreases, the one in the middle projects the 
deepest into the perivisceral cavity. In consequence of this 
arrangement when a section is mede across the hydrospire at 
the suture c, c, fig. 4a, the form 6, is obtained where ¢, ¢, is 
the surface of the shell, while the comb-like structure below 
represents the tubes. 

Specimens of C. ornatus almost entirely empty are often 
found and in some of these the internal form of the hydro- 
spires is sometimes preserved, Those that I have seen have 
the form of small rhomboidal pyramids, with four slightly 
convex sloping faces, and composed of a number of vertical 
parallel plates—the casts of the interior of the tubes—the 
substance of the tube itself not being preserved. I have, how- 
ever, several polished transverse sections, in which I think the 
thin walls can be seen. 

The structure of the hydrospires is such, that there can 
scarcely be any doubt that they are respiratory organs. The 
sea-water entered through the pores, and ewrated the chyla- 
queous fluid, contained in the perivisceral cavity, by transfu- 
sion through the exceedingly thin membranous shell, that 
composed the walls of the tubes. The number of pores varies 
with the size of the individual. In large specimens these are 
from 800 to 1000. 
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It has been stated by some authors that the pores were pas- 
sages for the protrusion of internal organs connected with the 
vitality of the animal. The fact, however, that the pores do 
not penetrate into the general cavity of the body, disproves 
this theory ; and, moreover, through many of the tubercles— 
those with a vesicular and spongy summit, such protrusion 
would be utterly impossible. 

In Caryocrinus ornatus there are thirty hydrospires ar- 
ranged as follows : 

1. Ten at the base—half of each on a basal plate and the 
other half on one of the subradials, their longer diagonal ver- 
tical. 

2. A zone of six around the fossil at the mid-height—their 
longer diagonals horizontal. These seem to be imperfectly 
developed, for, on the inside, the tubes occupy only a small 
space in the center. 

3. A third band of fourteen—two of them with their longer 
diagonals vertical and the others arranged in six pairs, the 
diagonals of each pair inclining toward each other, upward, 
at an angle of about 30°. There are only three interradii in 
Caryocrinus : the mouth is placed in one of them and the two 
hydrospires with vertical diagonals in the other two. 

In Plewrocystites the hydrospires are also of a rhomboidal 
form, but instead of having the tubular structure of Caryo- 
crinus, they consist of a number of parallel inward folds of an 
exceedingly thin part of the shell. These folds no doubt re- 
present the tubes of Caryocrinus. If we grind down a hy- 
drospire of this latter, so as to remove all the shell, and ex- 
pose the edges of the tubes, it then exhibits precisely the same 
form as fig. 5a, i. e., the form of a rhomb, longitudinally 
striated at right angles to the suture, and with no pores. The 
transverse section in Pleurocystites only differs from that in 
Caryocrinus in having no shell between the pointsc,c. In 
the hydrospire of Pleurocystites robustus, of the Trenton 
limestone, we have the commencement of the formation of an 
internal gill with a single spiracle. The surface is not flat, as 
it is in many species, but concave as shown in the section ; 
and it is evident that if the concavity should be carried fur- 
ther, and at the same time the points c, c, made to approach 
each other, the effect would be to produce an elongated sack, 
deeply folded on one side, and with a fissure extending the 
whole length on the other side. The transverse section of such 
a sack would be fig. 6, the same as in Pentremites. Again, if 
we contract the four sides, gradually curving them outward 
at the same.time, but not diminishing the superficial extent 
of the walls of the folds although altering the form to corres- 
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pond with the decreasing aperture, the result would be a 
deeply folded, flask-shaped sack, with a small round orifice 
like fig. 7, which is the internal gill of a spider. 

In Paleocystites tenuiradiatus, a species very characteristic 
of the Chazy limestone, the whole surface (in the condition in 
which the fossil is usually found) is covered with deeply striated 
rhombs, the fissures being deepest where they cross the suture 
and growing gradually shallower as they approach the center of 
the plates, where they die out altogether. Detached plates oc- 
cur‘in vast abundance but no perfect specimens have ever been 
found. I discovered, however, several fragments of the body 
sufficient to give the general form and to show that, when the 
surface is perfect, all these fissures are completely covered over 
by a very thin shell, and that, when they cross the suture there 
is a small pore in the bottom of each which penetrates to the 
interior. The rhombs of this species are thus external hydro- 
spires. The fissures seen in the ordinary weathered specimens 
are the remains of flat tubes like those of Caryocrinus, situa- 
ted on the outer instead of the inner surface of the test. The 
chylaqueous fluid passed outward through the pores and filled 
the tubes, to be erated through the thin external covering by 
the surrounding water. In Caryocrinus the water passed in- 
ward, through the pores, into the tubes and erated the fluid 
within the general cavity of the body. 

The discovery that the fissures and pores of the Cystidea, do 
not communicate directly with the general cavity of the body 
is entirely due to Mr. Rofe. After reading his highly impor- 
tant paper, I re-examined a great number of specimens and 
found sufficient to confirm his observations. 


3. On the genus Codaster. 


Every author who has described a species of this genus has 
remarked the peculiar striated areas in the interradial spaces. 
Prof. McCoy, the founder of the genus, pointed out their re- 
semblance to the hydrospires of the Cystidea, but it was Mr. 
Rofe who first showed that they were also identical in struc- 
ture therewith. On comparing one of those with that of the 
cystidean Pleurocystites, fig. 5, we at once perceive that they 
are the same in the external form while Mr. Rofe’s figures show 
that the section at d, d, has the structure of fig. 9, which only 
differs from fig. 5 6, in being straight above instead of con- 
cave, and in being divided into two parts. This division is 
the result of the position of the arm which cuts the hydro- 
spire in two, in a direction parallel to the fissures. By draw- 
ing the points d, a, and a, d, together we get figure 10, which 
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is, in general plan, a section across one of the ambulacra of a 
Pentremite. On examining nearly all the published figures of 
species of this genus I find that there is a series of forms 
which exhibit a gradual passage, from those with the hydro- 
spires almost entirely exposed, as in fig. 8, through others in 
which they are crowded more and more under the arms, until 
at length they become altogether internal. 
9. 


Fig. 8. Summit of C. acutus McCoy, m, v, mouth and vent; d, d, suture across 
the posterior hydrospire. 9. Section across the hydrospire from d, to d, 
at a,is the place of the arm. 10. The section contracted as in fig. 6. 
11. Summit of Pentremites caryophyllatus De Koninck. 

In C. acutus, fig. 8, only a small portion of the hydrospire 
is concealed under the arm. In C. Canadensis, a new species 
lately discovered in the shales of the Hamilton group in Can- 
ada West, each of the four interradial spaces, in which the 
hydrospires are placed, is excavated, in such a manner as to 
form a small triangular pyramid, with two of its faces slop- 
ing down toward the sides of the two adjacent arms. On 
these two slopes are placed the hydrospires, which appear to 
have one fissure entirely under, and another partly under the 
arm, five others being fully exposed. §8. 8. Lyon has described 
a species under the name of C. alternatus in the “ Geology of 
Kentucky,” vol. iii, p. 494, from the Devonian rocks of that 
State, which closely resembles C. Canadensis, but is still dis- 
tinct therefrom. Speaking of the structure of the summit 
he says: ‘the depressed triangular intervening spaces are 
filled with seven or more thin pieces, lying parallel to the 
pseudambulacral fields, articulating with the summit of the 
second radial, and the prominent ridge lying between the 
pseudambulacre. These pieces were evidently capable of 
being compressed or depressed: the “ point” at the lateral 
junction of the second radials is in some specimens folded 
over toward the mouth so as to entirely obscure these trian- 
gular spaces by covering them.” This important observation 
proves that even in the same species the hydrospires may be 
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either partly or wholly concealed under the arm. The “ point” 
to which Mr, Lyon alludes is seen above, in fig. 11, just below 
the letter 6. It is the same as the “ small triangular pyra- 
mid” in C. Canadensis. It is evident that (supposing the shell 
to be flexible) if these points were to be drawn inward, the 
movement would gradually cause what remains exposed of the 
hydrospire to be covered until at length it would be entirely 
concealed under the arm. The five points would then be sit- 
uated in the angles between the five ambulacra as they are 
in the genus Pentremites, fig. 15. The concealment of the 
hydrospires may also be the result of the widening of the 
arm. This is well shown in P. caryophyllitus DeKoninck, 
(P. Orbignyanus according to Roemer,) P. Schultzii De Ver., 
and several other species. In these the apices of the pyra- 
mids remain near the margin, but the hydrospires are nearl 
covered by the wide arms. This is shown in fig. 11, where the 
ends of the fissures of the hydrospires are seen along the sides 
of the angular ridges which extend from the apices of the 
pyramids to the angles between the arms. I do not think that 
such species can be referred to Pentremites, and if I had spe- 
cimens before me instead of figures only, I would most prob- 
ably institute a new genus for their reception. 

Our specimens of C. Canadensis are well preserved and show 
the characters of the arms perfectly. After many careful ex- 
aminations under the microscope, I can state positively that 
in this species the so-called ‘‘ pseudambulacral fields” have no 
pores. The markings that have hitherto been mistaken for 
ambulacral pores in Codaster are not pores, but the small pits 
or sockets which received the bases of the pinnule. The rays 
therefore in this genus are not “‘ pseudambulacral fields,” in the 
sense in which that term is used in descriptions of species of 
Pentremites, but simply recumbent arms, identical in struc- 
ture with those of the cystidean genera Glyptocystites, Callo- 
cystites, Apiocystites, and others. They lie upon the surface 
of the plates which constitute the shell of the animals—not 
imbedded into them as in Pentremites. The large lateral 
aperture is both mouth and vent, and the central opening 
heretofore called the mouth is the ambulacral or more prop- 
erly, the ovarian orifice. As, therefore, Codaster has the arms 
of Apiocistites, the hydrospires of Pleurocystites and the 
confluent mouth and vent common to all Cystideans, I propose 
to remove it from the Blastoidea and place it in the order 
Cystidea. 

4, On the genus Pentremites. 


In Pentremites the hydrospire is an elongated, internal sack, 
one side of which is attached to the inside of the shell while 
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the side opposite, or toward the central axis of the visceral 

cavity, is more or less deeply folded longitudinally. There are 

two of these to each ambulacrum, attached along the two lines 

of pores. There appears to*be a fissure extending nearly the 

whole length in the direction of the dotted line / One edge 
12, 
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Fig. 12.—Diagrams of one pair of the hydrospires of a Pentremite,—a, the in- 
ner side; 6, the outer, or side attached to the shell; f the fissure. 
13. Section across an ambulacrum of a specimen of P. Godont, enlarged 
3 diameters,—l, lancet plate; g, ambulacral groove; p, p, pores leading into 
the hydrospires; h, h, the two hydrospires, in transverse section. 14. 
Ideal figures of a transverse section through an entire specimen showing 
the ten hydrospires,—/ one of the five lancet plates; p, p, pores; 7, 7, the 
two branches of one of the radial plates. 15. Summit of P. conoideus,—a, 
anterior side; g, ambulacral grooves (copied from Dr. Shumard, but with 
the ovarian pores added). 
of this fissure, is attached to the lancet plate, along one side 
of the line of pores ; the other to the shell, on the other side 
of the row. The pores all enter the hydrospire through this 
fissure. There are ten hydrospires, connected together in 
pairs, each pair communicating with the exterior through a 
single spiracle. The arrangement of the folds varies according 
to the species. In P. Godoni there are five folds, the outer 
sides of which are close up to the inner side of the lancet 
plate, fig. 13. In a specimen of P. obesus Lyon, nearly two 
inches in diameter at the mid-height, the hydrospires extend 
Am. Jour. Sc1.—SEconp Vou. XLVIII, No. 142.—Jury, 1869. 
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inward about three lines, the main body being about one line 
from the lancet plate. There are five folds, each two lines 
deep ; and thus, if the thin shelly membrane, which consti- 
tutes the wall of the hydrospire,«were spread out, it would 
have a width of 22 lines,—and the ten together would form 
a riband, about 18 inches in length, and nearly two inches 
wide. The object of the folding is, of course, to confine 
this large amount of surface to a small space, an arrangement 
which at once proves the function to be respiratory. Of those 
figured by Mr. Rofe, P. ellipticus Sowerby appears to have 
only one fold, P. inflatus, id., shows eight folds in one, and 
eleven in the other hydrospire of the same ambulacrum. 
Another specimen figured by Mr. Rofe under the name of 
P. florealis Say, has five folds situated at a distance from the 
inner surface of the lancet plate as in P. obesus. From the 
form of the organ I think that Mr. Rofe’s specimen cannot be 
the species called P. florealis by Say. 

If it be granted that these organs are respiratory in their 
function, then, their five apertures should be called spiracles, 
—not “ovarian orifices.” The large anterior aperture would 
thus be the oro-anal spiracle. Applying this system of 
terminology to other groups,—the so-called ovarian orifice of 
the Cystidea, the homologous aperture of Nucleocrinus, Co- 
daster, Granatocrinus and of the Paleozoic Crinoidea gene- 
rally (but not of the recent forms), should be styled the oro- 
anal orvyice. 

I think that the side of an Echinoderm in which the mouth 
is situated should be called “anterior” even although the anus 
and the mouth be confluent in one orifice. Most starfishes 
have but one aperture for mouth and vent and yet it is called 
the mouth by naturalists generally. Why not call the under- 
side of a star-fish “the anal or posterior side,” and the cen- 
tral aperture the “anus P” 

Dr. B. F. Shumard has shown (Trans. Acad. Nat. Sci. St. 
Louis, vol. 1, p. 243, pl. 9, fig. 4,) that in perfect specimens 
of P. conoideus Hall, the six summit apertures are closed by 

everal small plates. Ina specimen of the same species sent 
me by Mr. Lyon, in which those plates are partly preserved, I 
find that there is a small pore in each of the five angles of the 
central aperture. The five ambulacral grooves enter the inte- 
rior through these pores. I have copied his figure but modi- 
fied it by adding the pores, fig. 15. He also found that the 
summit of P. sulcatus, Roemer, was covered with an integu- 
ment of small plates arranged in the form of a pyramid. From 
these facts he infers that in all the pentremites the summit 
apertures will be found in perfect specimens, to be closed ina 
similar manner. 
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Dr. C. A. White, at present State Geologist of Iowa, in a 
paper on the same subject, (Bost. Jour. N. H., vol. 8, pp. 481- 
488,) describes P. Norwoodii Owen and Shumard and P. ste/- 
liformis, id., as having a similar structure—but he goes fur- 
ther,—he considers the central orifice “not to be the mouth,” 
and I believe that he is the first naturalist who ever published 
such an opinion, His idea of its function is thus expressed : 
“Tt seems more probable that as the ova were germinated within 
the body, they found their exit through the central aperture, 
and were conveyed along the small central grooves of the 
pseudambulacral fields before mentioned, beneath the plated 
integument, to the bases of the tentacula, where they were de- 
veloped and discharged as in the true crinoids.” I perfectly 
agree with Dr. White in this view. The central aperture is 
not the mouth, in fact it is not a natural orifice, but a breach 
in the summit caused by the destruction of a portion of 
the vault. The true natural orifices of this part are those 
that I have discovered in P. conoideus as above mentioned. 
They are the homologues of the ovarian pores at the bases of 
the arms of caryocrinus and in part, as I shall show in another 
part of these notes, of the ambulacral orifices of the true cri- 
noids, 

With regard to the structure of the calyx of Pentremites, 
it is generally supposed that there are only three series of 
plates—the basal, radial and interradial. Mr. Lyon has ad- 
vanced the opinion that there are three small plates below 
those now called the basals (Geol. Ky., vol. iii, p. 468, pl. 11, 
fig. lc). I have examined a number of specimens with refer- 
ence to this point and I think heisright. There are three small 
pentagonal basals, the two upper sides of each of which are 
excavated to receive the sub-radials, i. ¢., those at present de- 
signated “the basals.” They are, in general, anchylosed to the 
subradials, but in one of Mr, Lyon’s specimens that I have seen 
they are distinctly separate. 

[To be continued. ] 


Art. [X.—Spectroscopic examination of the Diatomacee ; by 
H. L. 


Tue vegetable nature of the Diatomacee is now generally 
admitted, but if any further proof is needed we have it in 
marked results from the application of the spectroscope. I 
have been enabled to prove the absolute identity of chlorophyl 
or the green endochrome of plants with diatomin or the olive 
yellow endochrome of the Diatomacez. The spectrum-micro- 
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scope is now too well known to need any description here, The 
one I have used was made by Browning of London. It is not 
at all difficult to obtain a characteristic spectrum from a living 
diatom, and to compare it directly with that of a desmid, or 
other plant. 

I need not here give the results in detail. Suffice it that 
from about fifty comparisons of spectra, I can unhesitatingly 
assert that the spectrum of chlorophyl is identical with that of 
diatomin. 

The spectrum in question is a characteristic one, and is fig- 
ured below. 


A very black, narrow band in the extreme red, reading at the 
lower edge, which appears to be constant, about $ of Mr. Sor- 
by’s scale, is too characteristic to be mistaken. There are two 
other very faint bands, not easily seen, and somewhat more 
variable in position. The black band in the red is always pres- 
ent, and is remarkably constant in the position of its lower 
edge. In making comparisons of spectra it is of the utmost 
importance that the slit of the spectroscope should be abso- 
lutely in the focus of the achromatic eye lens. If this be not 
attended to, there will be a slight parallax ; and bands really 
identical in position, e. g., those of blood (scarlet cruorine), will 
not absolutely correspond when two spectra are formed, one 
from blood on the stage of the microscope, and the other from 
the same on the stage of the eye-piece. 

The dark band of the chlorophyl spectrum is slightly varia- 
ble in width—and the action of acids and alkalies sometimes 
causes a slight displacement, the former raising (moving to- 
ward the blue end) and the latter depressing. The endo- 
chrome of a diatom after treatment with acid, is green, and the 
acid, in this case, produces scarcely any displacement of the 
band, which may be observed even in the dark reddish mass of 
the dead diatomacee, almost identical in color, with the fer- 
rous carbonate, so often found in bogs where the larger diatoms 
are abundant; and what is more remarkable, is, that the car- 
bonate gives no absorption bands at all. As a general rule, 
alcoholic solutions of chlorophyl and diatomin have the band 
slightly depressed, reading 1 to 1} on the interference scale. 
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Art. X.—WNote on Wollongongite, a remarkable hydro-carbon 
found in the Wollongong District of the Illawarra Coal Field, 
N.S. Wales ; by B. 


In the course of a research conducted by Prof. Wurtz and 
myself, lately, on the Hydro-carbon Gas Process, my attention 
was recalled to a peculiar kind of cannel coal trom Australia 
which was brought to this country in 1866, by Mr. Hall of 
Australia, from whom I obtained my first knowledge of its 
existence. As it turns out on examination to be by far the 
most remarkable substance of its class hitherto discovered I 
propose to describe it. 

It is found in the Wollongong district of the Illawarra Coal 
Field, New South Wales, and in the range known as the Kem- 
bla Mountains, or Blue Mountain range. The locality appears 
to be of recent discovery, as the section taken down from Mr. 
Hall’s dictation is quite different from any section given b 
Prof. Dana in his account of the Illawarra coal field.* Mr. 
Hall’s enumeration of the strata was as follows. 

150 feet superincumbent sandstones. 

bituminous coal resembling Newcastle. 
bituminous shales, 

cannel, 

sandstone. 

splint coal—cannel. 

sandstones. 

kerosene shale. 

coarse conglomerates and shale. 
cannel. 

14 in, diagonal shale. 

Underlying conglomerates. 

Associated with the bituminous shales is a seam of 18 inches 
of a semi-elastic material resembling mineral caoutchouc which 
cuts easily with a knife, is easily kindled by a match and yields 
the odor of a candle when extinguished. It affords about 60 
gallons of crude oil. I failed to note its position in the sec- 
tion, 

* The only account we have seen of the geology of this region is that given 
by Prof. James D. Dana, in his Report on the Geology of the Colntries visited 
by Wilkes’s U. S. Exploring Expedition, pp. 449, et seq.; accompanied by a map 
of the Illawarra coal field, in which the Wollongong mineral exists. This remarka- 
ble mineral was discovered long subsequent to the date of Prof. Dana’s explora- 
tions in 1849. The writer examined and analyzed the coals brought home by 
Prof. Dana from Australia, which analyses are published on page 476 of the 
Report quoted. But among them there was nothing at all resembling the re- 


markable body now for the first time, as he believes, introduced to the know- 
ledge of gas chemists. 
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The remarkable substance which is the subject of this note 
has been observed only in one place, about 250 feet above tide, 
and five miles inland at a point about 40 miles south of 
Sidney. Its mineralogical characters are as follows: 

In cubical blocks without lamination. Breaks in broad con- 
choidal surfaces, extremely tough and resounding like hard 
wood under the blows of the hammer. 

H.=2 to 25. G.=1:04—1-49, Luster resinous, somewhat 
silky. Color greenish black and brownish black. Streak light 
brown to yellowish. No odor when rasped. Tasteless. Sect- 
ile, the thin shavings curling up under the knife. Not electric 
by friction of the mass, but the chips cut off by the knife are 
highly electric. Translucent in thin shavings and under the 
microscope transmits amber yellow light. Alone in a test tube 
does not melt, decrepitates and distills a copious flow of oil 
of a yellow color and heavy odor, giving off much gas. 

Insoluble in alcohol, ether, or benzole, but is slightly dissolved 
in carbonic disulphid to which it imparts a slighty yellowish 
tinge. 

It is readily kindled in thin splints by a match, burning with 
a brilliant flame and muchsmoke. The analysis in a platinum 
crucible yields the following results, 

Volatile matter, - - - 82°5 
Fixed carbon, - - - 6°5 
Ash, - - - - - 11°0 

100°0 

From these characters this substance obviously resembles suc- 
cinite and is probably as well entitled to a place in the system 
as bathillite or torbanite. An ultimate organic analysis of the 
mineral is required before its true composition can be ascer- 
tained. It may provisionally be called. Wollongongite. 

The following technical results were obtained by us at the 
experimental gas laboratory of the Manhattan Gas Light Co., 
in New York, made with a view to determine the technic sal value 
of this mineral as an enriching material in gas making.* 

* Mr. Young, of Glasgow, well known for his researches upon coal oils, of 
which industry he is a well known promoter, obtained the following results on 
the Wollongong cannel, by distillation for oil. 

The cannel yields per ton of crude oil, Sp. Gr. 0°860==152 gallons, divided as 
follows: 

Mineral turpentine ” (light naphtha, ) Sp. Gr. = 739=8 galls, 
Burning oil, - ‘ 6s 


Paraffin, 49 pounds, - 
Loss, ash, ete., - 


Total 
Gas found by Mr. Young, : . 16,000 cubic feet per ton. 
Private communication by Mr. 


aq 
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Average yield of (5 charges) gas per ton, - 13,716 cubic feet. 
Coke (very light and lustrous), - - - 420 lbs. per ton. 
Illuminating power of 5 feet of gas burned 

in Scotch fish-tail burner, - - - 132°94 candles. 
One bushel of lime purifies, - - - 5686 cubic feet. 
Gas from one ton equals sperm, - - - 6251°26 lbs,* 


The gas obtained was so rich thatits illuminating power could 
be measured only by diluting it very largely with common street 
gas of known power. Even when 10 per cent of the Wollon- 
gong cannel gas was added to 90 per cent of street gas, whose 
illuminating power was 14:98 candles, it was found still too 
rich to burn in the 15-hole standard Argand. But it could be 
burned, however, at the rate of ‘five cubic feet in a Scotch tip 
fish-tail burner, giving from the mixture an illuminating power 
of 26°54 candles. From these data, the candle power of one 
cubic foot of the gas of this material is equal to 26°59 candles 
—a degree of illuminating power unexampled, so far as we are 
informed, in the records of gas-making from any material 
heretofore examined. This appears more clearly on compar- 
ing this result with some of the best-known of the cannels of 
England and the United States, thus :— 

1 cubic foot 
=candles. 
bs. of sperm perton, 6251°26 26°54 
“ +1967°10 
{2755°6 10°8 
§1235° 5°29 
I3016° 11°73 
8°77 
10°01 
7°51 


— 


Wollongong cannel 


Boghead cannel 


Albert coal, N. B. 
Peytona cannel, 
Lesmahago cannel, 
Capeldre, 
Donibristie, 
Wigan, 3°04 
Pelton Main (caking), 3°12 
Ramsay’s(Newcastle),= 553 3°33 
Westmoreland, Pa. }541°25 3°32 
The theoretical density of the gas obtained in this process is 
surprising, inasmuch as 1816 pounds avoirdupois of gas gives 
for each cubic foot of gas 926°72 grains. Now as 536-96 grains 


* The standard candle m use among gas engineers consumes 120 grains of 
sperm per hour. The total economical value of any gas coal is best obtained by 
multiplying the candle power of the gas produced from one ton of the coal into 
the Yolume of the gas: thus asthe Wollongongite yields 13,716 cubic feet of gas, 
one foot of which has an illuminating power of 26°54 candles, therefore we have 
2654 X 120X13716—7000=6251:26 pounds of sperm as the value of the gas 
from one ton of this mineral. 

+ Advertisement of the proprietors, t Dr. Fyfe. 

§ Manhattan Co., loc. cit, | Our own results. 
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of air make one cubic foot, it follows that the density of the 
gas is 1716, or nearly double the density of olefiant gas. Re- 
frigerated at —6° F’. this gas loses 41°8 per cent of its illumi- 
nating power, a loss not greater than we have found in common 
street gas at the same temperature. 

The quantity of this material was represented by my inform- 
ant, as extremely abundant, adequate to any demand which 
might arise for it in commerce, 1 have taken steps, since dis- 
covering its remarkable technical value, to obtain more exact 
data respecting it. The masses which came under my observa- 
tion resembled in appearance the finest varieties of English 
cannel, but differs in color and especially in streak as already 
described. Two of these masses weighed about one hundred 
pounds each, were prismatic in form and exhibited no structure, 
opposing an equal resistance to the hammer in all directions and 
breaking only with extreme difficulty. 

Accompanying the Wollongongite brought to New York by 
Mr. Hall were specimens of a bituminous shale quite earthy in 
its character, of an elastic bitumen,.and also of a cannel coal 
somewhatresembling the wollongongite but unlike that substance 
in its essential features. It has a well developed laminated struc- 
ture, a nearly black color and is streaked with micaceous and 
earthy particles visible in its mass. A block of this material, 
sent to the Columbia College School of Mines, was examined 
by Prof..C. F. Chandler, who has kindly communicated to me 
the following results of his analyses. 

“ Australian shale.” Density = 1°106 
Gases, - - 21°11 
Water, - - 3°33 
Oi, - - 35°08 
Fixed carbon, 26°48 ) Coke=40°48 


Ash, - 14°00 


100°00 

Gravity of. the crude oil 0°876=31° B. 

Quantity =96'8 gallons (of 231 cub. invhes) per 
ton of 2,000 Ibs. 

Comparing this analysis with the results stated on p. 86, 
we see 20 per cent more of fixed carbon in the ‘shale’ giving 
40°48 per cent of coke against 17°50 per cent from the wol- 
longongite. 

The probabilities are that the material occurs in various 
degrees of purity, and that these may shade off by imper- 
ceptible degrees into each other, as is observed to be true 
of many cannel coals. It is therefore quite possible that the 
wollongongite may sometimes be found on more extensive ex- 
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ploration free to a greater degree of the contaminating ‘ash,’ 
and in that case we may expect to see it assuming @ more or 
less transparent honey or wax yellow aspect, such as it now 
shows in thin shavings under the microscope. 

I should remark that the illuminating power of the gas 
from the wollongongite was determined upon its maximum 
yield of nearly 14000 cubic feet to the ton of 2240 lbs. Had 
the yield been restricted to 10,000 cubic feet it is quite proba- 
ble its illuminating power would have been at least 150 candles 
for 5 cubic feet. This opinion is based on comparative results 
obtained with the albertite of New Brunswick. The maxi- 
mum yield of gas from this remarkable material is per 2,240 
pounds, 15,000 cubic feet with an illuminating power of 58°14 
candles. But when the yield of gas is restricted to 10,000 
cubic feet per ton of 2,240 pounds the illuminating power 
rises to 70°38 candles. The amount of coke left by one ton 
of albertite is 946 pounds corresponding very closely to the 
results of analysis in a platinum crucible which show for 100 
parts :-— 

Volatile matter, - - 57°0 
Fixed carbon, 42°5 
Ash, - - - - 0°5 


100°00 

This ration would require 963 pounds of coke, as near an 
approach as operations in the large way can be expected to 
give, being within 1°76 per cent. The quantity of sulphur in 
the albertite is less than in the wollongongite, the number of 
cubic feet of the gas from the former completely purified by one 
bushel of lime being 9025 against 5686 feet of the latter. 

At —7° F. the gas from the albertite lost 34 per centof its 
illuminating power. 

I am indebted to J. A. Sabbaton, engineer of the Manhat- 
tan Gas Light Company, New York, for the facts here given 
as to the technical value of the albertite, being the results of a 
recent determination, called out by the remarkable facts fur- 
nished by the wollongongite. 

New Haven, May 19, 1869. 


June 3, 1869.—Since the foregoing was in press I have had 
an opportunity to test the value of the wollongongite, by the 
Hydro-carbon Gas Process, with the following results. 

A mixture was made of 5 per cent of wollongongite with 95 
per cent of bituminous (caking) coal of Westmoreland, Penn., 
the value of which coal when treated alone by the same process 
had been previously determined. Of this mixture charges of 200 
pounds each were employed, and the total yield of gas after 


4 
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purification produced measured by the station meter. Also 
a mixture of 10 per cent wollongongite with 90 per cent of West- 
moreland coal was prepared and treated in the same charges of 
200 pounds and the gas produced measured in the same manner, 

The time of carbonization was in each case, two hours, and 
during all the time the products from the anthracite retort (hy- 
drogen and carbonic oxyd) were aeting in full force on the 
distillation-products of the coal mixture. 

The following is a transcript from the record of the experi- 
ment, 

Date, June 2d, 1869. Fair Haven Hydro-carbonGas ha gl 
All the retorts hot and ready for action, but the making of ga 
suspended preparatory to this experiment, Four charges - of 
200 pounds each of the above mixture of wollongongite and 
Westmoreland coal were carbonized successively, the total 
weight carbonized being 800 pounds. 

Time of Readings of Sta- Time of duration of 
beginning. tion Meter. Yield. each charge. 
124 43m lh. 2m. ) 
1 45 35700 680 cubic feet, 
List charge = 750 c.f. 
935700 10 “ =Lh, 12m. 


936470 
40 * ) 
! 
937020 
936470 } 2a charge 250 


937150 | =lh. 10m. 

937020 3 
37590 

937150 


3a charge =1310 “ 


10m. 


939600 
h a=} 9 
938910 690 4th charge =1270 
15 940900 
939600 1300 


Totals, || 5h. 27m. - 5880 
* There were in action two benches. or beds, of three clay retorts each. The 


upper one charged with anthracite furnished, from superheated steam, the water- 
gas, H,+CO, with a little CO.+HS. 


2 35 

3 05 

3 15 

3 35 

3 45 937770 

4 15 938330 : 
937770 560 30 * 
| 

4 40 938910 
| 

5 

6 
— =60 m. — 
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At the end of the second hour from the commencement of the 
last charge the operation was closed, giving an average pro- 
duct for each charge of 1470 cubic feet of gas, or a yield of 
7°35 cubic feet for each pound of the mixture employed. As 
by former trials I had determined the value of the Westmore- 
land coal alone, by the Hydro-carbon Process, to be 6:27 cu- 
bic feet of gas, it follows that the increase of 1:08 cubic feet 
of gas is due to the average addition of 7} per cent of the wol- 
longongite. 

The yield of gas per one ton (2240 lbs.) of such a mixture 
would therefore be 16,464 cubic feet. 

The illuminating Power of the Gas——The illuminating 
power of the gas in these experiments was determined by the 
Bunsen Photometer in the usual manner. 

From the two first charges of 5 per cent of wollongongite 
and 95 per cent of Westmoreland coal the corrected result of 15 
observations gave an illuminating power of 18°79 candles. 


From the charges containing 10 per cent of wol- 
longongite the illuminating power was 26°98 


Average power for whole quantity containing an 
average of 72 p. c. of wollongongite, 22°88 


These results are given for the usual standard of 5 cubic feet 
of gas burned in one hour in an Argand standard burner. 

The total economical effect of a mixture containing ten per 
cent of wollongongite is best stated in the quantity of spermaceti, 
equivalent to one ton (2240 lbs.) of such a material which in 
this case is found to be 1774°9 Ibs. 
The Westmoreland coal alone when treated by the 

same process yields a total economical effect, 7976 * 
Gain of total economical effect due to the use of —___ 

10 per cent of Wollongongite, 9773 * 
Equivalent to 221,°, per cent gain. 

As the yield of gas per ton of this mixture is 16464 c. f. 
And Westmoreland coal alone by same treatment, 14057 “ 
It is evident that 72 per cent of wollongongite (or 

168°2 lbs.) have yielded gas, 2407 

This quantity (2407~168-8) corresponds to 14°31 cubic feet 
of gas to the pound of material. When treated alone by tlre 
common process the wollongongite yields as already stated in 
the former part of this paper, 6°11 cubic feet per pound. 
There is an increase therefore of 232,', per cent in the volume 
of the gas obtained from the wollongongite under the influ- 
ence of the hydro-carbon process. It is evident therefore that 
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under the influence of this process the extremely dense and 
rich gas which the ordinary process returns from this coal is 
broken up into a much larger volume of gas of a less density 
and lower illuminating power. Wollongongite has therefore 
the power to raise the illuminating intensity of gas from common 
caking coals when treated by the hydro-carbon process, even 
when so small a quantity as five per cent is employed, much 
above the average of illuminating gas in common use; while 
at the same time the volume of the gas produced exceeds 
16,400 cubic feet per ton against about 10,000 cubic feet by 
the common process, of a much lower illuminating power. 


Art. XI.—The Rules of Zoological Nomenclature. From the 
Report of a Committee “ appointed to report on the changes 
which they may consider desirable to make, if any, in the 
Rules of Zoloogical Nomenclature, drawn up by Mr, H. E. 
STRICKLAND, at the instance of the British Association, at 
their meeting in Manchester in 1842.” With notes by A. 
EK. VERRILL. 


Tuart the value and utility of the binomial system of no- 
menclature, established by Linné and at once adopted by 
nearly all scientific zodlogists and botanists, depends directly 
upon the uniformity and universality of the rules regulating 
its application is so evident as to require no demonstration ; 
yet very many writers, both in this country and abroad, con- 
stantly ignore, either ignorantly or carelessly, if not wilfully, 
many of the most essential laws proposed by the author of 
the system, and confirmed and made sacred by the usage of 
the best naturalists of the past century. The advance of 
zodlogical and botanical sciences has, it is true, made necessary 
certain restrictions to and extensions of the rules established 
by Linneus, but later codes of laws regulating this matter are 
based upon and, in all the principal points, are essentially 
identical with those originally proposed.* 

To secure greater uniformity and bring about certain reforms 
in this matter, the British Association in 1842 appointed a 
committee, consisting of Mr. C. Darwin, Professor Henslow, Rev. 
L. Jenyns, Mr. W. Ogilby, Mr. J. Phillips, Dr. Richardson, 


* An excellent exposition of the Linnzan canons, as elaborated in the Philo- 
sophia Botanica, hasbeen given by Prof. Agassiz in the preface to his Nomenclator 
Zoologicus, 1846, together with a review of those of the British Association. See 
re A. Gray’s review of the work, this Journal, 2d Series, vol. iii, p. 302, 

847.—v, 
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Mr. H. C. Strickland, Mr. J. O. Westwood, to draw up and 
report a code of rules “ by which the nomenclature of zodlogy 
may be established on a uniform and permanent basis.” To 
this committee were afterward added W. J. Broderip, Profes- 
sor Owen, W. E. Shuckard, G. R. Waterhouse and W. Yarrel. 
This committee in 1842 submitted to the Association a “ series 
of propositions,” which were adopted and printed in the Re- 
port for that year.* They were also published separately for 
private distribution. 

A committee was afterward appointed by the Association of 
American Geologists and Naturalists to consider this subject. 
The committee reported at the sixth meeting, 1845, in favor 
of adopting the British Association’s Rules, with slight mod- 
ifications, the principal objection being to the writing of 
proper names of species without an initial capital, a change 
since introduced also by the British Association. The report 
was accepted and the amended rules adopted.t Although the 
reformatory influence of these rules, thus brought so promi- ~ 
nently to the notice of zodlogists, has doubtless been very 
great, yet their success was but partial, even in England, for 
a considerable number of English authors have either ignored 
them or adopted them only in part, often violating the most 
obvious and important rules. In the department of conchol- 
ogy, especially, the violations of such laws have been lamenta- 
bly numerous and disastrous. This result may, perhaps, have 
been due in part to a few propositions, which, though of but 
secondary importance, were regarded as objectionable, in prac- 
tice, by some of the best writers, and have now been modified. 
In 1863, a new committee of sixteen was appointed by the 
British Association to consider the “changes, 7f any, which 
they may consider it desirable to make in the Rules.” At the 
Birmingham meeting in 1865, a Report was submitted and 
adopted by the Association,{ recommending the following :— 

I. That Botany should not be introduced into the Strick- 
land rules and recommendations. 

II. That the permanency of names and convenience of prac- 
tical application being the two chief requisites in any code of 
rules for scientific nomenclature, it is not advisable to disturb 


* Report of the twelfth meeting, 1842, p. 106,—also reprinted in Annals of 
Natural History; Philosophical Magazine; translated into French, in the Journal 
of ‘L’Institut’; and translated into Italian and approved by the Scientific Con- 
gress at Padua, in 1843. See also reviews in this Journal, vol. xlv, p. 1, 1842; 
and 2d series, vol. iii, p. 302, 1847. 

; + These amended rules were printed in this Journal, 2d series, vol. ii, p. 428, 

846. 

¢ Report of the British Association for the Advancement of Science, Birming- 
ham, 1865, p. 28, 
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by any material alterations the rules of zoological nomencla- 
ture which were authorized by Section D at the Meeting of 
the British Association at Manchester in 1842. 

III. The Committee are of opinion, after much deliberation, 
that the XIIth edition of the ‘Systema Nature’ is that to 
which the limit of time should apply, viz., 1766. But as the 
works of Artedi and Scopoli have already been extensively 
used by ichthyologists and entomologists, it is recommended 
that the names contained in or used from these authors should 
not be affected by this provision. This is particularly requi- 
site as regards the generic names of Artedi, afterward used by 
Linneus himself. * 

In Mr. H. E. Strickland’s original draft of these Rules and Recommen- 
dations the edition of Linneus was left blank, and the XIIth was inserted by 
the Manchester Committee. This was done not as being the first in which the 
Binomial nomenclature had been used, as it commenced with the Xth, but as 
being the last and most complete edition of Linné’s works, and containing 
many species the Xth did not. For these reasons it is now confirmed by 
this Committee, and also because these rules having been used and acted 


upon for twenty-three years, if the date were altered now, many changes of 
names would be required, and in consequence much confusion introduced. 


IV. In Rule 13th, “ Specific names, when adopted as gene- 
ric, must be changed.” The committee agree that it is ex- 
ceedingly injudicious to adopt a specific name as a generic 


name, but they are of opinion that where this has been done, 
it is the generic name which must be thrown aside, not the 
old specific name, and that this rule should be so altered as to 
meet this. 

V. The recommendations under “ Classes of objectionable 
names,” as already pointed out, cannot be too carefully atten- 
ded to, Specific names from persons have already been suffi- 
ciently prostituted, and personal generic names have increased 
to a large and undeserving extent. The handing down the 
name of a naturalist by a genus has always been considered 
as the highest honor that could be given, and should never be 
bestowed. lightly. 


* If the XIIth edition is to be adopted as the limit of priority, it will be neces- 
sary to make additional exceptions. Thus the excellent and important work of Pallas, 
Elenchus Zoophytorum, was published nearly two years before the last volume of 
the Systema Natur, ed. XII, and contains a much greater number of species than 
were included in the latter work, while the descriptions of genera and species 
are far superior and the system purely binomial. To reject the earlier names 
of Pallas would be doing gross injustice to an able naturalist, who was among 
the first to adopt the binomial system after its appearance in the Xth edition. 
The more logical and just course would be to limit the law of priority to the Xth 
edition, thus applying the law to its author. This course is also sanctioned by 
the usage of many of the best zodlogical writers. But in several other depart- 
ments of zodlogy it will make no difference whether the Xth or XIIth edition be 
regarded as the limit.—yv. 
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VI. The recommendation, “ Specific names to be written 
with a small initial.” The Committee propose that this re- 
commendation should be omitted. It is not of great impor- 
tance, and may be safely left to naturalists to deal with as 
they think fit. 

These are the chief alterations and modifications the Com- 
mittee have to suggest. Itis scarcely possible to make any 
code of rules for a subject so extensive as zodlogy either per- 
fect in itself or such as will meet the opinions of every one. 
It must be a matter of compromise, and as working by zo 
rules is creating great confusion and an immense increase in 
synonymy, the Committee would ask this Section to approve 
their present report or finding, and to give their sanction to 
these Rules and Recommendations as now proposed to be 
modified. 

Signed on the part of the members of Committee present 
at Birmingham* by Wm. Reporter. 

On the preceding Report being read to Section D, upon 
Tuesday, 19th September, the following motion was made and 
carried unanimously :— 

Moved by Mr. Gwyn Jeffreys, seconded by Dr. Sclater,— 
That the Report now read be approved of and adopted by 
the Section, and that the Rules or propositions, as thereby al- 


tered and amended, be printed in the Reports of the British 
Association and recommended for the general use of zoolo- 
gists. 


PART I. 
RULES FOR RECTIFYING THE PRESENT ZOOLOGICAL NOMENCLATURE. 


[Limitation of the Plan to Systematic Nomenclature.|—In proposing a 
measure for the establishment of a permanent and universal zodlogical no- 
menclature, it must be premised that we refer solely to the Latin or systematic 
language of zodlogy. We have nothing to do with vernacular appellations. 
One great cause of the neglect and corruption which prevails in the scienti- 
fic nomenclature of zodlogy, has been the frequent and often exclusive use 
of vernacular names in lieu of the Latin binomial designations, which form 
the only legitimate language of systematic zodlogy. Let us then endeavor 
to render perfect the Latin or Linnean method of nomenclature, which, being 
far removed from the scope of nationai vanities and modern antipathies, holds 
out the only hope of introducing into zodlogy that grand desideratum, an uni- 
versal language. 

[Law of Priority the only effectual and just one.|—It being admitted on all 
hands that words are only the conventional signs of ideas, it is evident that 
language can only attain its end effectually by being permanently established 
and generally recognized. This consideration ought, it would seem, to have 
checked those who are continually attempting to subvert the established lan- 


* The members of the Committee present at Birmingham were A. R. Wallace, 
Professor Babington, Dr. Francis, Dr. Sclater. C. Spence Bate, P. P. Carpenter, 
Professor Balfour, H. T. Stainton, J. Gwyn Jeffreys, A. Newton, G. Bentham, 
and Sir W. Jardine, Bart. (Reporter). F 


96 Zoological Nomenclature. 


guage of zovlogy by substituting terms of their own coinage. But forgetting 
the true nature of language, they persist in confounding the name of a spe- 
cies or group with its definition; and because the former often falls short of 
the fulness of expression found in the latter, they cancel it without hesitation, 
and introduce some new term which appears to them more characteristic, but 
which is utterly unknown to the science and is therefore devoid of all au- 
thority.* If these persons were to object to such names of menas Long, 
Little, Armstrong, Golightly, &c., in cases where they fail to apply to the in- 
dividuals who bear them, or should complain of the names Gough, Lawrence 
or Harvey, that they were devoid of meaning, and should hence propose to 
change them for more characteristic appellations, they would not act more 
unphilosophically or inconsiderately than they do in the case before us; for, 
in truth, it matters not in the least by what conventional sound we agree to 
designate an individual object, provided the sign to be employed be stamped 
with such an authority as will suffice to make it pass current. Now in zodl- 
ogy no one person can subsequently claim an authority equal to that pos- 
sessed by the person who is the first to define a new genus or describe a new 
species; and hence it is that the name originally given, even though it may 
be inferior in point of elegance or expressiveness to those subsequently pro- 
posed, ought as a general principle to be permanently retained. ‘To this con- 
sideration we ought to add the injustice of erasing the name originally selec- 
ted by the person to whose labors we owe our first knowledge of the object; 
and we should reflect how much the permission of such a practice opens a 
door to obscure pretenders for dragging themselves into notice at the expense 
of original observers. Neither can an author be permitted to alter a name 
which he himself has once published, except in accordance with fixed and 
equitable laws. [tis well observed by Decandolle, “ L’auteur méme quia 
le premier étab]i un nom n’a pas plus qu’un autre Je droit de le changer pour 
simple cause d’impropriété. La priorité en effet est un terme fixe, positif, qui 
n’admet rien, ni d’arbitraire ni de partial.” 

For these reasons, we have no hesitation in adopting as our fundamental 
maxim, the “ law of priority,” viz: 


§ 1. The name originally given by the founder of a group 
or the describer of a species should be permanently retained, 
to the exclusion of all subsequent synonyms (with the excep- 
tions about to be noticed). 


Having laid down this principle, we must next inquire into the limitations 
which are found necessary in carrying it into practice. 

[.Vot to extend to authors older than Linneus.|—As our subject matter is 
strictly confined to the binomial system of nomenclature, or that which indi- 
cates species by means of two Latin words, the one generic, the other specific, 
and as this invaluable method originated solely with Linneus, it is clear that, 
as far as species are concerned, we ought not to attempt to carry back the 
principle of priority beyond the date of the 12th edition of the ‘Systema 
Nature,’ 1766. Previous to that period, naturalists were wont to indicate 
species not by a name comprised in one word, but by a definition which oc- 
cupied a sentence, the extreme verbosity of which method was productive 
of great inconvenience. It is true that one word sometimes sufficed for the 
definition of a species, but these rare cases were only binomial by_ accident 
and not by principle, and ought not therefore in any instance to“Supersede 
the binomial designations imposed by Linneus. 


* Linneus says on this subject, “‘ Abstinendum ab hac innovatione que nun- 
quam cessaret, quin indies aptiora detegerentur ad infinitum.” 


| 
| 
| 
| 
| 
| 
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The same reasons apply also to generic names. Linneus was the first to 
attach a definite value to genera, and to give them a systematic character by 
means of exact definitions; and therefore, although the names used by 
previous authors may often be applied with propriety to modern genera, yet in 
such cases they acquire a new meaning and should be quoted on the authority 
of the first person who used them in this secondary sense. It is true that 
several of the old authors made occasional approaches to the Linnean exact- 
ness of generic definition, but still these were but partial attempts; and it 
is certain that if in our rectification of the binomial nomenclature we once 
trace back our authorities into the obscurity which preceded the epoch of its 
foundation, we shall find no resting-place or fixed boundary for our researches. 
The nomenclature of Ray is chiefly derived from that of Gesner and Aldro- 
vandus, and from these authors we might proceed backward to Alian, Pliny, 
and Aristotle, till our zodlogica] studies would be frittered away amid the 
refinements of classical learning.* 

We therefore recommend the adoption of the following proposition :— 


§2. The binomial nomenclature having originated with 
Linneeus, the law of priority in respect of that nomenclature, 
is not to extend to the writings of antecedent authors, and 
therefore specific names published before 1766 cannot be used 
to the prejudice of names published since that date.t 


a 

[It should be here explained, that as the works of Artedi and Scopoli have 
already been extensively used by ichthyologists and entomologists, the names 
contained in or used from these authors should not be affected by this provi- 
sion. This is particularly requisite as regards the generic names of Artedi, 
afterward used by Linnezus himself. Brisson also, who was a contemporary 
of Linneus and acquainted with the ‘Systema Nature,’ defined and pub- 
lished certain genera of birds which are additional to those in the twelfth edi- 
tion of Linneus’s works, and which are therefore of perfectly good authority. 
But Brisson still adhered to the old mode of designating species by a sen- 
tence instead of a word, and therefore while we retain his defined genera, we 
do not extend the same indulgence to the titles of hisspecies, even when the 
latter are accidentally binomial in form. For instance, the Perdir rubra of 
Brisson is the J'etrao rufus of Linneus; therefore as we in this case retain 
the generic name of Brisson and the specific name of Linneus, the correct 
title of the species would be Perdiz rufa (Linn.). 

[Generic names not to be cancelled in subsequent subdivisions.|—As the num- 
ber of known species which form the groundwork of zodlogical science is 
always increasing, and our knowledge of their structure becomes more com- 
plete, fresh generalizations continually occur to the naturalist, and the num- 
ber of genera and other groups requiring appellations is ever becoming more 


* “Quis longo zvo recepta vocabula commutaret hodie ?”—Linneus. 

+ If the Xth edition be taken as the limit, which seems to be the tendency 
among recent writers, especially in this country and in northern Europe, the date 
would be 1758. The second volume of the XIIth edition bears the date of 1767. 
Disregard of this important and essential law has brought into conchology and 
some other branches of zodlogy an almost incredible amount of confusion within 
afew years, the indefinite names of Link, Klein, Brown, Columa. and other ante- 
binomial and polynomial writers, having been revived and substited for the well 
known names of Linnzeus and later authors. Thus Dactylus Klein, 1753, has 
been substituted for Oliva Brug., 1789, by the Messrs. Adams, while for the same 
genus Gray has substituted Strephona Brown. (See also Gunther’s Record of 
Zodlogical Literature, 1864, p. 246). 

Am Jour. Serizs, Vou. XLVIII, No. 142.—Ju ty, 1869. 
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extensive. It thus becomes necessary to subdivide the contents of old groups 
and to make their definitions continually more restricted. In carrying out 
this process, it is an act of justice to the original author that his generic name 
should never be lost sight of; and it is no less essential to the welfare of the 
science, that all which is sound in its nomenclature should remain unaltered 
amid the additions which are continually being made to it. On this ground 
we recommend the adoption of the following rule :— 

§ 3. A generic name, when once established, should never 
be canceled in any subsequent subdivision of the group, but 
retained in a restricted sense for one of the constituent por- 
tions. 

[Generic names to be retained for the typical portion of the old genus.|— 
When a genus is subdivided into other genera, the original name should be 
retained for that portion of it which exhibits in the greatest degree its essen- 
tial characters as at first defined. Authors frequently indicate this by select- 
ing some one species as a fixed point of reference, which they term the “type 
of the genus.” When they omit doing so, it may still in many cases be cor- 
rectly inferred that the first species mentioned on their list, if found accu- 
rately to agree with their definition, was regarded by them as the type.* A 
specific name, or its synonyms, will also often serve to point out the particular 
species which by implication must be regarded as the original type of a ge- 
nus. In such cases we are justified in restoring the name of the old genus 
to its typical signification, even when latér authors have done otherwise. 
We submit therefore that :— 


§ 4. The generic name should always be retained for that 
portion of the original genus which was considered typical by 
the author. 


Example.—The genus, Picumnus was established by Temminck, and in- 
cluded two groups, one with four toes, the other with three, the former of 
which was regarded by the author as typical. Swainson, however, in raising 
these groups at a later period to the rank of genera, gave a new name, Asthe- 
nurus, to the former group, and retained Picwnnus for the latter. In this 
case we have no choice but to restore the name, Picumnus Temm., to its cor- 
rect sense, canceling the name, Asthenurus Sw., and imposing a new name 
on the three-toed group which Swainson had called Picumnus. 


* This course has been systematically followed by some writers, and when 
carelessly done has often led to unfortunate and absurd results, especially when 
applied to the earlier writers, since it often happens that the actual position of the 
Jirst species, in the restricted modern genera, cannot be determined with certainty. 
Thus in the XIIth edition, Syt. Nat , Mactra includes eight species, most of which 
are now referred to distinct genera, but the original name is variously restricted. 
Conrad pretends to take the jirst species, MU. Sprengleri, as the type, and thus forms 
a group with but jive species, which had long before received another name, while 
to the largest group, including the well known European species and proper type, 
XY. stultorum (type of Lam. 1801) he applies the name Zrigonella Da Costa, but 
(as it would seem) being somewhat doubtful as to the real affinity of M. Spren- 
gleri, he puts this species also in 7rigonella! Thus we have in the same catalogue 
one species of Mactra, and that the first, appearing in two different genera,—an 
instance that might be regarded as an accidental error were it not that other cases 
of like character appear in the same and other lists, viz., Hemimactra Sayi, p. 33. 
appears again as Spisula (Mactromeris) Sayi, on p. 45, being in this case placed 
in a different “ subfamily,” and Anatina trapezoides Lam., p. 51, appears again on 
the same page as a synonym of Periploma inequivalvis, with no explanation. 
(See American Journal of Conchology, vols. iii and iv, Appendix, ‘‘ Catalogue 
of Recent Mollusca’’).—v, 
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[When no type is indicated, then the original name is to be kept for that sub- 
sequent subdivision which first received u.}—Our next proposition seems to 
require no explanation :— 


§ 5. When the evidence as to the original type of a genus 
is not perfectly clear and indisputable, then the person -who 
first subdivides the genus may affix the original name to any 
portion of it at his discretion, and no later author has a right 
to transfer that name to any other part of the original genus.* 


[4 later name of the same extent as an earlier to be wholly canceled.|—When 
an author infringes the law of priority by giving a new name to a genus 
which has been properly defined and named already, the only penalty which 
can be attached to this act of negligence or injustice, is to expel the name so 
introduced from the pale of the science. It is not right, then, in such cases 
to restrict the meaning of the latter name so that it may stand side by side 
with the earlier one, as has sometimes been done. For instance, the genus, 
Monaulus Vieill., 1816, is a precise equivalent to Lophophorus Temm., 1813, 
both authors having adopted the same species as their type, and therefore, 
when the latter genus came in the course of time to be divided into two, it 
was incorrect to give the condemned name, Monaulus, to one of the portions. 
To state this succinctly :— 


§ 6. When two authors define and name the same genus, both 
making it exactly of the same extent, the later name should 
be canceled in toto, and not retained in a modified sense.t 


This rule admits of the following exception :— 


§ 7. Provided, however, that if these authors select their 
respective types from different sections of the genus, and these 
sections be afterward raised into genera, then both these 
names may be retained in a restricted sense for the new geneza 
respectively. 


Example.—The names, demia and Melanetta, were originally coextensive 
synonyms, but their respective types were taken from different sections, which 
are now raised into genera, distinguished by the above titles. 

[No special rule is required for the cases in which the later of two generic 
names is so defined as to be Jess extensive in signification than the earlier, 
for if the later includes the type of the earlier genus, it would be canceled 
by the operation of § 4; and if it does not include that type, it is in fact 
a distinct genus. } 


* This law, though very important and necessary, is too often neglected, and 
at times seems difficult of application. Thus Astrea Lam., 1801, had two species 
only, as types of two sections. Oken, in 1815, named the first group, Favia, and 
Blainville afterward named the second group, Siderastrea. Edwards and Haime 
adopt Astrea for the latter, in accordance with this rule, but later observations 
show that it does not belong to the family, Astrwide, nor even to the same sub- 
order, but to the Fungide, so that if we adopt this view it would require nu- 
merous changes in the names of the families, subfamilies, and suborder. On the 
other hand Fuvia has become pretty well established as the name of a large and 
well-known genus, and yet it appears necessary to reject it for Astrea.—v. 

+ These discarded names may, however, be tolerated, if they have been after- 
ward proposed in a totally new sense, though we trust that in future no one will 
knowingly apply an old name, whether now adopted or not, to a new genus. 
(See proposition ¢, infra). 
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But when the later name is more ertensive than the earlier, the following 
rule comes into operation :— 

[4 later name equivalent to several earlier ones is to be canceled.|—The same 
principle which is involved in § 6 will apply to § 8. 


§ 8. If the later name be so defined as to be equal in ex- 
tent to two or more previously published genera, it must be 
canceled in toto. 


Example.—Psarocolius Wagl., 1827, is equivalent to five or six genera 
previously published under other names, therefore Psarocolius should be 
canceled. 

If these previously published genera be separately adopted (as is the case 
with the equivalents of Psarocolius), their original names will of course 
prevail; but if we follow the later author in combining them into one, the 
following rule is necessary :— 

[4 genus compounded of two or more previously proposed genera whose char- 
acters are now deemed insufficient, should retain thee name of one of them.|—It 
sometimes happens that the progress of science requires two or more genera, 
founded on insufficient or erroneous characters, to be combined together into 
one. In such cases the law of priority forbids us to cancel all the original 
names and impose a new one on this compound genus. We must therefore 
select some one species as a type or example, and give the generic name 
which it formerly bore to the whole group now formed. If these orig- 
inal generic names differ in date, the oldest one should be the one adop- 
ted. 


§ 9. In compounding a genus out of several smaller ones, 
the earliest of them, if otherwise unobjectionable, should be 
selected, and its former generic name be extended over the new 
genus so compounded, 


Example.—The genera, Accentor and Prunella of Vieillot, not being consid- 
ered sufficiently distinct in character, are now united under the general 
name of Accentor, that being the earliest. 

We now proceed to point out those few cases which form exceptions to the 
law of priority, and in which it becomes both justifiable and necessary to 
alter the names originally imposed by authors. 

[4 name should be changed when previously applied to another group which 
still retains it.|—It being essential to the binomial method to indicate objects 
in natural history by means of two words only, without the aid of any further 
designation, it follows that a generic name should only have one meaning— 
in other words, that two genera should never bear the same name. Fora 
similar reason, no two species in the same genus should bear the same name.* 
When these cases occur, the later of the two duplicate names should be can- 
celed, and a new term, or the earliest synonym, if there be any, substituted. 


* The principle of this rule is sufficiently obvious and simple, but its ap- 
plication is not always easy, as when a well established specific name is 
found to be identical with an older one which may be an old and long neglected 
synonym of some other species of the same genus. Also when the identity 
of the specific names of two species, originally in one genus, is not discovered 
until the species have been referred to different genera. Thus TZellina tenera 
Leach, antedates Tellina tenera Say, but the former was referred to Macoma be- 
fore the name of the latter was changed. Should it now be changed? If not, 
when on this account a specific name has been changed before the generic sepa- 
ration, should the rejected name be restored after the separation? We think 
not.—v. 
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When it is necessary to form new words for this purpose, it is desirable to 
make them bear some analogy to those which they are destined to supersede, 
as where the genus of birds, Plectorhynchus, being preoccupied in Ichthyology, 
is changed to Plectorhamphus. It is, we conceive, the bounden duty of an 
author, when naming a new genus, to ascertain by careful search that the 
name which he propo<es to employ has not been previously adopted in other 
departments of natural history.* By neglecting this precaution he is liable 
to have the name altered and his authority superseded by the first subsequent 
author who may detect the oversight, and for this result, however unfortunate, 
we fear there is no remedy, though such cases would be less frequent if the 
detectors of these errors would, as an act of courtesy, point them out to the 
author himself, if living, and Jeave it to him to correct his own inadverten- 
cies.t This occasional hardship appears to us to be a less evil than to per- 
mit the practice of giving the same generic name ad libitum to a multiplicity 
of genera. We submit, therefore, that :— 


§ 10. A name should be changed which has before been pro- 
posed for some other genus in zoélogy or botany,t{ or for some 
other species in the same genus, when still retained for such 
genus or species, 


[4 name whose meaning is glaringly false may be changed.|—Our next pro- 
position has no other claim for adoption than that of being a concession 
to human infirmity. If such proper names of places as Covent Garden, Lin- 
coln’s Inn Fields, Newcastle, Bridgewater, &c., no longer suggest the ideas 
of gardens, fields, castles, or bridges, but refer the mind with the quickness 
of thought to the particular localities which they respectively designate, there 
seems no reasons why the proper names used in natural history should not 
equally perform the office of correct indication, even when their etymologi- 
cal meaning may be wholly inapplicable to the object which they typify. But 
we must remember that the language of science has but a limited currency, 
and hence the words which compose it do not circulate with the same free- 
dom and rapidity as those which belong to every-day life. The attention is 
consequently liable in scientific studies to be diverted from the contemplation 
of the thing signified to the etymological meaning of the sign, and hence 
it is necessary to provide that the latter shall not be such as to propagate ac- 
tual error. Instances of this kind are indeed very rare, and in some cases, 
such as that of Monodon, Caprimulgus, Paradisea apoda, and Monoculus, 
they have acquired sufficient currency no longer to cause error, and are 
therefore retained without change. But when we finda Batrachian reptile 
named in violation of its true affinities Mastodonsawrus,a Mexican species 


* This laborious and difficult research is now greatly facilitated by the very 
useful work of M. Agassiz, entitled ‘*‘ Nomenclator Zoologicus,” and ** Index Uni- 
versalis ” to that work. 

+ This slight penalty for negligence is, perhaps, one of the strongest incentives 
to greater caution. To point out an author’s errors, unless a personal friend, too 
often results in unpleasantness, and frequently fails in its object, since many men 
prefer to be corrected by another writer, rather than retract personally. Each 
author should regard it as a duty to correct every error in nomenclature at the 
earliest suitable opportunity, that its diffusion may be arrested as soon as possi- 
ble. Monographic memoirs and general works are, however, the most proper 
places for such changes.—v. 

¢ The number of names now in use and well established in both botany and 
zoology, is so great as to render their change on this account very objectionable 
and nearly impossible, as no concert of opinion is likely to be obtained on this 
point. But all appear to admit the necessity of allowing the same name to be 
used but once in either kingdom.—v. 
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termed (through erroneous information of its habitat) Picus cafer, or an olive- 
colored one Muscicapa atra, or when a name is derived from an accidental 
monstrosity, as in Picus semirostris of Linneus, and Helix disjuncta of Tur- 
ton, we feel justified in canceling these names, and adopting that synonym 
which stands next in point of date.* At the same time we think it right to 
remark that this privilege is very liable to abuse, and ought therefore to be 
applied only to extreme cases and with great caution. With these limita- 
tions we may concede that :— 


§ 11. A name may be changed when it implies a false pro- 
position which is likely to propagate important errors. 


[Names not clearly defined may be changed.|—Unless a species or group is 
intelligibly defined when the name is given, it cannot be recognized by 
others, and the signification of the name is consequently lost. Two things 
are necessary before a zodlogical term can acquire any authority, viz., defi- 
nition and publication. Definition properly implies a distinct exposition of 
essential characters, and in all cases we conceive this to be indispensable, 
although some authors maintain that a mere enumeration of the component 
species, or even of a single type, is sufficient to authenticate a genus.t To 
constitute publication, nothing short of the insertion of the above particulars 
in a printed book can be held sufficient. Many birds, for instance, in the 
Paris and other continental museums, shells in the British Museum (in Dr. 
Leach’s time) and fossils in the Scarborough and other public collections, 
have received MS. names, which will be of no authority until they are pub- 
lished with characters.t Nor can any unpublished descriptions, however ex- 
act (such as those of Forster, which are still shut up in a MS. at Berlin), 
claim any right of priority till published, and then only from the date of their 
publication. Thesame rule applies to cases where groups or species are pub- 


* Under this rule it would be well to exclude all names that refer to abnormal, 
diseased and mutilated structures, and to deformities caused by parasites. Thus 
Echinus gibbosus Val. proves to be identical with our Huryechinus imbecillis, 
but the gibbosity is caused only by a parasitic crab. lodged in the anal region, 
and is not present in normal specimens. Tenia mediocannellata was so named 
from an abnormal specimen. Such names are not uncommon and are always 
liable to mislead students and perpetuate error.—Vv. 

+ The custom of establishing genera by merely naming one or more species, 
without indicating any generic character or even giving figures, is exceedingly 
objectionable and liable to lead to confusion, especially when, as often happens, 
the same author afterward describes the genus and adopts a different type. 
Thus TZoxopneustes Ag. was originally named with “ Kchinus pileolus” as 
its type; afterward it was described and L£. tuberculatus Lam. (a species 
generically distinct from the former) was named as the type; five years 
later (in Catal. Rais.) the genus was extended so as to include not only £. tu- 
berculatus and its allies, but also several other forms which have since been 
separated as genera, but Z. pileolus was not included; in later works the name 
has been restricted to E. Drébachiensis and allied species(our genus, Zuryechinus) 
which were referred to the restricted genus, Echinus, when Toxopneustes was 
originally separated. Finally a new generic name, Zoxocidaris A. Ag., has re- 
cently been proposed for the species allied to 7. twberculatus. In this case it be- 
comes difficult to determine whether Zoxopneustes should be restricted to the ge- 
nus represented by £. pileolus (Boletia) or to that having JZ. tuberculatus as its 
type (Zoxocidaris). Other serious difficulties arise when, as often happens, an 
author's type is incorrectly identified and does not agree with the original species, 
bearing the same specific name, even in generic characters.—V. 

¢ These MS. names are in all cases liable to create confusion, and it is there- 
_ much to be desired that the practice of using them should be avoided in 
uture. 
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lished but not defined, as in some museum catalogues, and in Lesson’s 
‘Traité d’Ornithologie, where many species are enumerated by name, without 
any description or reference by which they can be identified. Therefore :— 


§ 12. A name which has never been clearly defined in some 
ublished work should be changed for the earliest name by 
which the object shall have been so defined. 


[Specific names, when adopted as generic, must be changed.|—The necessity 
for the following rule will be best illustrated by an example. The Corvus 
pyrrhocorar Linn., was afterward advanced to a genus under the name of 
Pyrrhocorax. 'Temminck adopts this generic name, and also retains the old 
specific one, so that he terms the species Pyrrhocorax pyrrhocorax. The in- 
elegance of this method is so great as to demand a change of the generic 
name.* We propose, therefore, that :— 


§ 13. A specific name must not be altered in order to use 
that name for the genus ; where this has been already done 
the old specific name must be restored, and a new generic 
name given to prevent an unharmonious repetition. 


MV.B.—It will be seen, however, below that we strongly object to the 
further continuance of this practice of elevating specific names into gen- 
eric. 

[Latin Orthography to be adhered to.|}—On the subject of orthography it is 
necessary to lay down one proposition :— 


§ 14. In writing zodlogical names, the rules of Latin orthog- 
raphy must be adhered to. 


In Latinizing Greek words there are certain rules of orthography known 
to classical scholars which must never be departed from. For instance, the 
names which modern authors have written Jipucnemia, Zenophasia, poio- 
cephala, must, according to the laws of etymology, be spelt Kpycnemia, 
Xenophasia, and peocephala. In Latinizing modern words the rules of classic 
usage do not apply, and all that we can dois to give to such terms as clas- 
sical an appearance as we can, consistently with the preservation of their 
etymology. In the case of European words whose orthography is fixed, it is 
best to retain the original form, even though it may include letters and com- 
binations unknown in Latin. Such words, for instance, as Woodwardi, 
Knighti, Bullocki, Eschscholtzi, would be quite unintelligible if they were 
Latinized into Vudvardi, Cnichti, Bullocci, Essolzi, &c. But words of bar- 
barous origin, having no fixed orthography, are more pliable, and hence, 
when adopted into the Latin, they should be rendered as classical in appear- 
ance as is consistent with the preservation of their original sound. Thus 


* This seems most necessary in those numerous instances where adjective spe- 
cific names, or even substantives in the genitive, have been raised to the rank of 
generic names. Thus Venus mercenaria was changed to Mercenaria violacea, 
and finally many recent writers have restored the old specific name, so that its 
name stands at present Mercenaria mercenaria! The well known case of the 
soup-shell of Rumphius, Zellina gari, is another marked instance of the absurd 
results of such practises. Schumacher raised the species to generic rank, under 
the genitive term, Gari, and the original specific name having been restored, 
the species appears in recent works under the ridiculous “name,” Gari gari! 
And yet it is said that Gari gariis not the original soup-shell of Rumph after 
all! When the specific name is a substantive the result is, perhaps, less absurd, 
though still very objectionable. Thus we have among our common shells Znsis 
ensis, Gemma gemma, ete.—V. 
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the words T'ockus, awsuree, argoondah, kundoo, &c., should when Latinized, 
have been written Toccus, ausure, argunda, cundu, &c. Such words ought, 
in all practicable cases, to have a Latin termination given them, especially if 
they are used generically. 

In Latinizing proper names, the simplest rule appears to be to use the 
termination -us, genitive -1, when the name ends with a consonant,* as in 
the above examples; and -ius, gen. -ii, when it ends with a vowel, as, 
Latreille, Latreillit, &c. 

In converting Greek words into Latin the following rules must be attended 
to:— 


Greek. Latin. Greek. Latin. 
a. becomes 6 becomes th. 


o¢ terminal, 4 ch. 
ov becomes neh. 
ot / ng. 
v y: h. 

When a name has been erroneously written and its orthography has been 
afterward amended, we conceive that the authority of the original author 
should still be retained for the name, and not that of the person who makes 
the correction. 


PART IL. 

RECOMMENDATIONS FOR IMPROVING THE ZOOLOGICAL NOMENCLATURE IN FUTURE. 

The above propositions are all which, in the present state of the science, it 
appears practicable to invest with the character of laws. We have endeav- 
ored to make them as few and simple as possible, in the hope that they may 
be the more easily comprehended and adopted by naturalists in general. 
We are aware that a large number of other regulations, some of which are 
hereafter enumerated, have been proposed and acted upon by various authors 
who have undertaken the difficult task of legislating on the subject; but as 
the enforcement of such rules would in many cases undermine the invaluable 
principle of priority, we do not feel justified in adopting them. At the same 
time we fully admit that the rules in question are, for the most part, founded 
on just criticism, and therefore, though we do not allow them to operate re- 
trospectively, we are willing to retain them for future guidance. Although 
it is of the first importance that the principle of priority should be held para- 
mount to all others, yet we are not blind to the desirableness’ of rendering 
our scientific language palatable to the scholar and the man of taste. Many 
zoological terms, which are now marked with the stamp of perpetual cur- 
rency, are yet so far defective in construction, that our inability to remove 
them without infringing the law of priority may be a subject of regret. With 
these terms we cannot interfere, if we adhere to the principles above laid 
down; nor is there even any remedy, if authors insist on infringing the rules 
of good taste by introducing into the science words of the same inelegant 
or unclassical character in future. But that which cannot be enforced by law 
may, in some measure, be effected by persuasion; and with this view we sub- 
mit the following propositions to naturalists, under the title of Recommenda- 
tions for the Improvement of Zoological Nomenclature in future. 

[The best names are Latin or Greek characteristic words.|}—The classical 
languages being selected for zodlogy, and words being more easily remem- 
bered in proportion as they are expressive, it is self-evident that :-— 


§ A. The best zodlogical names are those which are derived 
from the Latin or Greek, and express some distinguishing 
characteristic of the object to which they are applied. 


* There are many names, which, though ending with a consonant, are more 
euphonious if terminated with -ius.—v. 


i 
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[Classes of objectionable names.]—It follows from hence that the following 
classes of words are more or less objectionable in point of taste, though, in 
the case of genera, it is often necessary to use them, from the impossibility of 
finding characteristic words which have not before been employed for other 
genera. We will commence with those which appear the least open to ob- 
jection, such as, 

a. Geographical names.—These words being for the most part adjectives 
can rarely be used for genera. As designations of species they have been 
so strongly objected to, that some authors (Wagler, for instance) have gone 
the length of substituting fresh names wherever they occur; others (e. g. 
Swainson) will only tolerate them where they apply erclusively. We are by 
no means disposed to go to this Jength. It is not the less true that the M- 
rundo javanica is a Javanese bird, even though it may occur in other coun- 
tries also, and though other species of Hirundo may occur in Java. The 
utmost that can be urged against such words is, that they do not tell the 
whole truth. However, as so many authors object to this class of names, it 
is better to avoid giving them, except where there is reason to believe that 
the species is confined to the country whose name it bears. 

b. Barbarous names.—Some authors protest strongly against the introduc- 
tion of exotic words into our Latin nomenclature, others defend the practice 
with equal warmth. We may remark, first, that the practice is not contrary 
to classical usage, for the Greeks and Romans did occasionally, though with 
reluctance, introduce barbarous words in a modified form into their respec- 
tive languages. Secondly, the preservation of trivial names which animals 
bear in their native countries is often of great use to the traveler in aiding 
him to discover and identify species. We do not therefore consider, if such 
words have a Latin termination given to them, that the occasional and judi- 
cious use of them as scientific terms can be justly objected to. 

c. Technical names.—All words expressive of trades and professions have 
been by some writers excluded from zodlogy, but without sufficient reason. 
Words of this class, when carefully chosen, often express the peculiar char- 
acters and habits of animals in a metaphorical manner, which is highly ele- 
gant. We may cite the generic terms 4rvicola, Lanius, Pastor, Tyrannus, 
Regulus, Ploccus, &c., as favorable examples of this class of names. 

d, Mythological or historical names.—When these have no perceptible re- 
ference or allusion to the characters of the object on which they are confer- 
red, they may properly be regarded as unmeaning and in bad taste. Thus 
the generic names Lesbia, Leilus, Remus, Corydon, Pasiphae, have been 
applied to a Humming-bird, a Butterfly, a Beetle, a Parrot, and a Crab, 
respectively, without any perceptible association of ideas. But mythological 
names may sometimes be used as generic with the same propriety as techni- 
cal ones, in cases where a direct allusion can be traced between the nar- 
rated actions of a personage and the observed habits or structure of an ani- 
mal. Thus when the name Progne is given toa Swallow, Clotho to a Spider, 
Hydra to a Polyp, Athene to an Owl, .Vestor to a grey-headed Parrot, &c., a 
pleasing and beneficial connection is established between classical literature 
and physical science. 

e. Comparative names.—The objections which have been raised to words of 
this class are not without foundation. The names, no less than the defini- 
tions of objects, should where practicable, be drawn from positive and self- 
evident characters, and not from a comparison with other objects, which may 
be less known to the reader than the one before him. Specific names ex- 
pressive of comparative size are also to be avoided, as they may be rendered 
Inaccurate by the after discovery of additional species. The names Picoides, 
Emberizoides, Pseudoluscinia, rubeculoides, maximus, minor, minimus, &c., are 
examples of this objectionable practice. 


106 Zoological Nomenclature. 


Jf. Generic names compounded from other genera.—T hese are in some degree 
open to the same imputation as comparative words; but as they often serve 
to express the position of a genus as intermediate to, or allied with, two other 
genera, they may occasionally be used with advantage. Care must be taken 
not to adopt such compound words as are of too great length, and not to cor- 
rupt them in trying to render them shorter. The names Gallopavo, Tetrao- 
gallus, Gypaetos, are examples of the appropriate use of compound words. 

g- Specific names derived from persons.—So long as these complimentary 
designations are used with moderation, and are restricted to persons of emi- 
nence as scientific zodlogists, they may be employed with propriety in cases 
where expressive or characteristic words are not to be found. But we fully 
concur with those who censure the practice of naming species after persons 
of no scientific reputation, as curiosity dealers (e. g. Caniveti, Boissoneauti), 
Peruvian priestesses (Cora, mazilia), or Hottentots (Klassi). 

h. Generic names derived from persons.—W ords of this class have been ex- 
tensively used in botany, and therefore it would have been well to have 
excluded them wholly from zodlogy, for the sake of obtaining a memoria 
technica by which the name of a genus would at once tell us to which of the 
kingdoms of nature it belonged. Some personal generic names have, how- 
ever, crept into zodlogy, as Cuvieria, Mulleria, Rossia, Lessonia, &c., but they 
are rare in comparison with those of botany, and it is perhaps desirable not 
to add to their number. 

i. Names of harsh andinelegant pronunciation.—T hese words are grating to 
the ear, either from inelegance of form, as Huhua, Yuhina, Cravirer, Esch- 
scholtzi, or from too great length, as chirostrongylostinus, Opetiorhynchus, 
brachypodioides, Thecodontosaurus. It is needless to enlarge on the advant- 
age of consulting euphony in the construction of our language. As a gene- 
ral rule it may be recommended to avoid introducing words of more than 
five syllables. 

k. Ancient names of animals applied in a wrong sense.—It has been cus- 
tomary in numerous cases to apply the names of animals found in classic 
authors at random to exotic genera or species which were wholly unknown to 
the ancients. The names Cebus, Callithrix, Spiza, Kitta, Struthus, are ex- 
amples. This practice ought by no means to be encouraged. ‘The usual 
defence for it is, that it is impossible now to identify the species to which 
the name was anciently applied. But itis certain that if any traveller will 
take the trouble to collect the vernacular names used by the modern Greeks 
and italians for the Vertebrata and Mollusca of southern Europe, the mean- 
ing of the ancient names may in most cases be determined with the greatest 
precision. It has been well remarked that a Cretan fisher-boy is a far better 
commentator on Aristotle’s ‘History of Animals’ than a British or German 
scholar. The use, however, of ancient names, when correctly applied, is most 
desirable, for “in framing scientific terms, the appropriation of old words is 
preferable to the formation of new ones.”* 

1. Adjective generic names.—The names of genera are in all cases essen- 
tially substantive, and hence adjective terms cannot be employed for them 
without doing violence to grammar. The generic names Hians, Criniger, 
Cursorius, Nitidula, &c., are examples of this incorrect usage.t 

m. Hybrid names.—Compound words, whose component parts are taken 
from two different languages are great deformities in nomenclature, and 
naturalists should be especially guarded not to introduce any more such terms 
into zodlogy, which furnishes too many examples of themalready. We have 
them compounded of Greek and Latin, as Dendrofalco, Gymnocorvus, Mono- 
culus, Arborophila, flavigaster ; Greek and French, as Jacamaralcyon, Jaca- 
merops ; and Greek and English, as Budlockoides, Gilbertsocrinites. 


* Whewell, Phil. Ind. Sc., vol. i, p. lxvii; Nov. Org. Ren. iv, iii. 
{ Generic names in the genitive should also be included. See note p. 103.—V. 
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n. Names closely resembling other names already used—By Rule 10 it was 
laid down that when a name is introduced which is identical with one pre- 
viously used, the later one should be changed. Some authors have extended 
the same principle to cases where the later name, when correctly written, 
only approaches in form, without wholly coinciding with the earlier. We 
do not, however, think it advisable to make this law imperative, first, because 
of the vast extent of our nomenclature, which renders it highly difficult to 
find a name which shal] not bear more or less resemblance in sound to some 
other; and, secondly, because of the impossibility of fixing a limit to the 
degree of approximation beyond which such a law should cease to operate. 
We content ourselves, therefore, with putting forth this proposition merely as 
a recommendation to naturalists, in selecting generic names, to avoid such as 
too closely approximate to words already adopted. So with respect to species, 
the judicious naturalist will aim at variety of designation, and will not, for 
example, call a species virens or virescens in a genus which already possesses 
a viridis. 

o. Corrupted words.—In the construction of compound Latin words, there 
are certain grammatical rules which have been known and acted on for two 
thousand years, and which a naturalist is bound to acquaint himself with 
before he tries his skill in coining zodlogical terms. One of the chief of 
these rules is, that in compounding words all the radical or essential parts of 
the constituent members must he retained, and no change made except in 
the variable terminations. But several generic names have been lately intro- 
duced which run counter to this rule, and form most unsightly objects to all 
who are conversant with the spirit of the Latin language. A name made up 
of the first half of one word and the last half of another, is as deformed 
a monster in nomenclature as a Mermaid or a Centaur would be in zodlogy ; 
yet we find examples in the names, Courcorarx (from Corvus and Pyrrhocoraz): 
Cypsnagra (from Cypselus and T'unagra), Merularis (Merula and Synallaxis), 
Lorigilla (Loxvia and Fringilla), &c. In other cases, where the commence- 
ment of both the simple words is retained in the compound, a fault is still 
committed by cutting off too much of the radical and vital portions, as is 
the case in Bucorvus (from Buceros and Corvus), Ninor (Nisus and Noc- 
tua), &c. 

p. Nonsense names.—Some authors having found difficulty in selecting 
generic names which have not been used before, have adopted the plan of 
coining words at random, without any derivation or meaning whatever. The 
following are examples: Viralva, Xema, Azeca, Assiminia, Quedius, Spisula. 
To the same class we may refer anagrams of other generic names, as Dacelo 
and Cedola of Alcedo, Zapornia of Porzana, &c. Such verbal trifling as this 
is in very bad taste, and is especially calculated to bring the science into 
contempt. It finds no precedent in the Augustan age of Latin, but can be 
compared only to the puerile quibblings of the middle ages. It is contrary 
to the genius of all languages, which appear never to produce new words by 
spontaneous generation, but always to derive them from some other source, 
however distant or obscure. And it is peculiarly annoying to the etymolo- 
gist, who, after seeking in vain through the vast storehouses of human lan- 
guage for the parentage of such words, discovers at last that he has been pur- 
suing an ignis fatuus. 

gq. Names previously canceled by the operation of § 6.—Some authors con- 

sider that when a name has been reduced to a synonym by the operations of 
the laws of priority, they are then at liberty to apply it at pleasure to any 
new group which may be in want of a name. We consider, however, that 
when a word has once been proposed ina given sense, and has afterward 
sunk into a synonym, it is far better to lay it aside for ever than to run the 
tisk of making confusion by re-issuing it with a new meaning attached.* 


* It cannot always be certainly known whether a name has really become a 
permanent synonym, for the limits of genera are continually being changed. 
Therefore names once used can seldom be again employed with safety.—v. 
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r. Specific names raised into generic.—It has sometimes been the practice 
in subdividing an old genus to give the lesser genera so formed, the names 
of their respective typical species. Our Rule 13 authorizes the forming a 
new generic name in such cases; but we further wish to state our objections 
to the practice altogether. Considering as we do that the original specific 
names should as far as possible be held sacred, both on the grounds of justice 
to their authors and of practical convenience to naturalists, we would strongly 
dissuade from the further continuance of a practice which is gratuitous in 
itself, and which involves the necessity of altering old names or making new 
ones. 

We have now pointed out the principal rocks and shoals which lie in the 
path of the nomenclator; and it will be seen that the navigation through 
them is by no means easy. The task of constructing a language which shall 
supply the demands of scientific accuracy on the one hand, and of literary 
elegance on the other, is not to be inconsiderately undertaken by unqualified 
persons. Our nomenclature presents but too many flaws and inelegancies 
already, and as the stern law of priority forbids their removal, it follows 
that they must remain as monuments of the bad taste or bad scholarship of 
their authors to the latest ages in which zodlogy shall be studied. 

[Families to end in ide, and Subfamilies in ine.]—The practice sug- 
gested in the following proposition has been adopted by many recent authors, 
and its simplicity and convenience is so great that we strongly recommend 
its universal use.* 


§ B. It is recommended that the assemblages of genera, 
termed families, should be uniformly named by adding the 


termination, ide, to the name of the earliest known, or most : 


typically characterized genus in them ; and that their subdi- 
visions, termed subfamilies, should be similarly constructed 
with the termination, ine. 


These words are formed by changing the last syllable of the genitive case 
into ide or ina, as Strix, Strigis, Strigide, Buceros, Bucerotis, Bucerotide, 
not Strizride, Buceride. 

[The authority for « species, exclusive of the genus, to be followed by a dis- 
tinctive expression.|—The systematic names of zodlogy being still far from 
that state of fixity which is the ultimate aim of the science, it is frequently 
necessary for correct indication to append to them the name of the person 
on whose authority they have been proposed. When the same person is 
authority both for the specific and generic name, the case is very simple; 
but when the specific name of one author is annexed to the generic name 
of another, some difficulty occurs. For example, the Musicapa crinita of 
Linneus belongs to the modern genus, Tyrannus of Vieillot; but Swainson 
was the first to apply the specific name of Linneus to the generic one of 
Vieillot. The question now arises, Whose authority is to be quoted for the 
name, Tyrannus crinitus? The expression, T'yrannus crinitus Linn., would 
imply what is untrue, for Linneus did not use the term Tyrannus ; and Tyran- 
nus crinitus Vieill., is equally incorrect, for Vieillot did not adopt the name, 
crinitus. If we call it Tyrannus crinitus Sw., it would imply that Swainson 
was the first to describe the species, and Linneus would be robbed of his 
due credit. If we term it, Tyrannus, Vieill., crinitus, Linn., we use a form 
which, though expressing the facts correctly, and therefore not without ad- 


* There are some generic names that will not readily receive these terminations, 
and as numerous other forms of family and subfamily names are already in good 
use, a little more latitude might well be allowed in this matter.—v. 
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vantage in particular cases where great exactness is required, is yet too 
lengthy and inconvenient to be used with ease and rapidity. Of the three per- 
sons concerned with the construction of a binomial title in the case before us, we 
conceive that the author who first describes and names a species which forms 
the ground work of later generalizations, possesses a higher claim to have 
his name recorded than he who afterward defines a genus which is found to 
embrace that species, or who may be the mere accidental means of bringing 
the generic and specific names into contact. By giving the authority for the 
specific name in preference to all others, the inquirer is referred directly to the 
original description, habitat, &c., of the species, and is at the same time re- 
minded of the date of its discovery; while genera, being less numerous than 
species, may be carried in the memory, or referred to in systematic works 
without the necessity of perpetually quoting their authorities. ‘The most 
simple mode then, for ordinary use, seems to be, to append to the original au- 
thority for the species, when not applying to the genus also, some distinctive 
mark implying an exclusive reference to the specific name, as Tyrannus cri- 
nitus (Linn.), and to omit this expression when the same authority attaches to 
both genus and species, as Ostrea edulis Linn.* Therefore :— 


§ C. It is recommended that the authority for .a specific 
name, when not applying to the generic name also, should be 
expressed thus, (Linn.), as Z'yrannus crinitus (Linn.). 


|New genera and species to be defined amply and publicly.]|—A large propor- 
tion of the complicated mass of synonyms, which has now become the oppro- 
brium of zodlogy, has originated either from the slovenly and imperfect man- 
ner in which species and groups have been originally defined, or from their 
definitions having been inserted in obscure local publications, which have 
never obtained an extensive circulation. Therefore, although under § 12 we 
have conceded that mere insertion in a printed book is sufficient for publica- 
tion, yet we would strongly advise the authors of new groups always to give, 
in the first instance, a full and accurate definition of their characters, and to 
insert the same in such periodical or other works as are likely to obtain an 
immediate and extensive circulation.t To state this briefly :— 


* If but one person’s name can be allowed as authority it should, without 
doubt, be that of the author who has given the full name, as adopted, but in 
catalogues and other works where no synonym is given, it would be well to write 
also the name of the original describer, when not the same, enclosing it ina 
parenthesis for distinction, But in works giving synonymy this is unnecessary. 
(See the articles in this Journal referred to above; also the amended rules of the 
American Association.) The name of the authority should be regarded rather as 
a matter of convenience than as a means of conferring a supposed honor on the 
author, discoverer or describer,—a distinction which often becomes a disgrace if 
coupled with bad and careless descriptions or objectionable names. 

There is a great disagreement among authors as to the punctuation that should 
intervene between a name and the authority, the same author often using two or 
more systems in the same volume, as is the case, for example, in the works of Cu- 
vier, Agassiz, and Linné, who often use indifferently a comma or else no punctu- 
ation. The best usage appears to be without any punctuation, the authority in this 
case being understood to be a noun in the genitive, though written in the nomi- 
native form, or more frequently abbreviated.—v. 

+ Since publication implies both printing and distribution, it is obvious that the 
date when a memoir was read (often only by title) is not to be regarded as the 
date of actual publication of genera and species. And yet many Societies give in 
their publications only the dates when the papers were read,—often several 
months or a year before their real publication. In this country this is especially 
the case with the Proceedings of the Philadelphia Academy. Many Societies have 
adopted the more just and reasonable custom of giving the actual date of publi- 
cation of each number, part, or signature.—v. 
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D. It is recommended that new genera or species be 
amply defined, published, and extensively circulated in the 
first instance. 

[The names to be given to subdivisions of genera to agree in gender with the 
eriginal genus.|—In order to preserve specific names as far as possible in an 
unaltered form, whatever may be the changes which the genera to which 
they are referred may undergo, it is desirable, when it can be done with pro- 
priety, to make the new subdivisions of genera agree in gender with the old 
groups from which they are formed. This recommendation does not, how. 
ever, authorize the changing the gender or termination of a genus already 
established. In brief:— 

§ E. It is recommended that in subdividing an old genus in 
future, the names given to the subdivisions should agree in 
gender with that of the original group. 

[Etymologies and types of new genera to be stated.|—It is obvious that the 
names of genera would in general be far more carefully constructed, and 
their definitions would be rendered more exact, if authors would adopt the 
following suggestion :— 

§ F. It is recommended that in defining new genera the 
etymology of the name should be always stated, and that 
one species should be invariably selected as a type or standard 
of reference. 


In concluding this outline of a scheme for the rectification 
of zodlogical nomenclature, we have only to remark, that al- 
most the whole of the propositions contained in it may be ap- 
plied with equal correctness to the sister science of botany. 
We have preferred, however, in this essay to limit our views 
to zodlogy, both for the sake of rendering the question less 
complex, and because we conceive that the botanical nomen- 
clature of the present day stands in much less need of dis- 
tinct enactment than the zodlogical. The admirabie rules 
laid down by Linneus, Smith, Decandolle, and other bot- 
anists (to which no less than to the works of Fabricius, 
Illiger, Vigors, Swainson, and other zodlogists, we have been 
much indebted in preparing the present document) have al- 
ways exercised a beneficial influence over their disciples. 
Hence the language of botany has attained a more perfect and 
stable condition than that of zodlogy ; and if this attempt 
at reformation may have the effect of advancing zodlogical 
nomenclature beyond its present backward and abnormal state, 
the wishes of its promoters will be fully attained. 
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Art. XII.—Contributions from the Shefield Laboratory of 
Yale College. No. XIX. 


1. On the estimation of Carbonic Acid ;* by 8. W. Jonnson. 


In the processes usually employed, carbonic acid is deter- 
mined by the loss of weight of an apparatus which contains 
no carbonic acid gas at the beginning and which must be com- 
pletely emptied of this gas at the conclusion of the analysis. It is 
a matter of experience, however, that accurate results are not 
attainable with certainty, inthis way. Nothing short of actual 
boiling for some time will expel all carbonic acid gas from the 
dilute acid liquid. This cannot be done conveniently without 
loss of aqueous vapor. The fact that good results are often 
obtained is due to the compensation of opposite errors, as the 
analyst may convince himself by repeatedly heating and suck- 
ing through air, If the suction go on to just the right extent, 
the loss of the apparatus will exactly correspond to the car- 
bonic acid that was contained in the substance, but further ex- 
haustion of the air will diminish the weight of the apparatus, 
not by complete removal of the carbonic acid, but by loss of 
aqueous vapor which easily escapes the desiccating material. 
By continued working on a carbonate of known composition 
one may soon learn how long to exhaust in order to bring out 
the proper loss, but where the analyst is out of practice, an 
error of 1 to 2 per cent is not unlikely to happen, and the pro- 
cess itself furnishes no means of judging when it will give a 
correct result. 

The writer employs a simple modification of this method 
which, under proper conditions, gives very accurate results and 
furnishes to a great extent its own control. The process is 
novel in this particular, viz: the charged apparatus is in the 
first place filled with carbonic acid gas, the substance is then 
decomposed, and as soon as disengagement of gas ceases, the 
apparatus, still filled with carbonic acid gas, is weighed again. 
In this manner all aspiration is done away with, and the de- 
siccating material has simply to dry as much gas as is yielded 
by the substance under analysis. 

It is, however, essential that the substance under examination 
dissolve freely and completely in cold acid ; it is likewise neces- 
sary that the analysis and weighings be conducted in an apart- 
ment not liable to change of temperature. 

The apparatus may consist of a light flask or bottle with 


* The substance of this paper was verbally communicated to the National Acad- 
emy of Sciences in August, 1868. 
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wide mouth which is closed by a soft rubber stopper, through 
which there passes, on the one hand, 

a chlorid of calcium tube, the lower 
bulb of which contains cotton, and, on 
the other, the neck of a vessel which con- 
tains the dilute acid. This acid reser- 
voir is so constructed that on suitably in- 
clining it, its contents will flow freely into 

the flask. For this purpose the tube 
connecting with the latter has an inter- 
nal diameter of seven millimeters, and 

its extremity is cut off obliquely; at its 
other end, the acid reservoir terminates 

in an upturned narrow tube, b. This 
and the upper termination of the CaCl 
tube are chosen of such diameter that 
they fit quite snugly into short, narrow 
and thick-walled rubber connecters 
which are again provided with glass-rod ¢f; 
stoppers; all these joints must be gas- %& 
tight. In the figure the apparatus is 
represented in one-third its proper dimensions. 

The weighed substance, in case of carbonate of lime, e. g,, 
is placed at the bottom of the flask, most conveniently in the 
form of small fragments, The acid vessel is nearly filled with 
hydrochloric acid of sp. gr. 11. It and the CaCl tube are 
tightly adjusted to the neck of the flask, and the glass-rod stop- 
pers being removed, the apparatus is connected at c with a self- 
regulating generator of washed carbonic acid, and a rather rapid 
stream of the gas is transmitted through the apparatus for 15 
minutes, or until the liquid in d is saturated and the air is thor- 
oughly displaced. Then the opening at d is stopped and after- 
ward the apparatus is disconnected with the carbonic acid gene- 
rator and stopped at c. During these as well as the subsequent 
operations, the apparatus must be so handled that its tempera- 
ture shall not change. It is immediately weighed. When re- 
moved from the balance, loosen the stopper at d, and, holding 
the flask by a wooden clamp, incline it so that the acid may flow 
over upon the carbonate. The decomposition should proceed 
slowly, so that the escaping gas may be thoroughly dried. As 
soon as solution of the carbonate is complete, replace the stop- 
per at dand weigh again. Should there be any leak in the 
apparatus the fact is made evident by a slow but steady loss 
of weight, when it is brought upon the balance. If all the 
joints are sufficiently tight, the weight remains the same for at 
least fifteen minutes. 
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When properly executed the process gives extremely accurate 
results ; a slight change of temperature or of atmospheric pres- 
sure between the two weighings of course greatly impairs the 
results or renders them worthless. Since the apparatus usually 
rises a little in temperature during the solution of the carbo- 
nate, it is better, as soon as the substance is decomposed, to 
stopper the CaCl tube and let the whole stand fifteen minutes, 
then to connect as before with the CO generator and pass dried 
CO, for a minute, and finally to stopper again and bring upon 
the balance. In seven analyses of pure calcite in quantities 
ranging from 0°5 to 0°9 grm., the writer obtained the following 
percentages of carbonic acid, viz: 44:07, 44:07, 43:98, 44-01, 
44:04, 44:11, 44°16 ; calculation requires 44:00. 

In case of alkali-carbonates which absorb carbonic acid gas, 
it is necessary to modify the apparatus. Instead of the light 
flask a we may employ a small bottle of thick glass and wider 
mouth, and a thrice-perforated rubber stopper. Through the 
third orifice pass a narrow tube 3 to 4 inches long enlarged 
below to a small bulb to contain the carbonate. This bulb 
must be so thin that on pushing down the tube within the bot- 
tle, it shall be easily crushed to pieces against the bottom of the 
latter. The carbonate is weighed into the bulb-tube, the lat- 
ter is wiped clean, down to the bulb, corked and fixed in the 
stopper. The apparatus is filled as before with CO, and 
weighed, Then the bulb is broken and the process finished as 
before described. In three estimations on carbonate of soda 
the writer found 41°54, 41°64 and 41°58 per cent of CO,. Cal- 
culation requires 41°51 per cent. 


2. On the construction of Bunsen’s Air-Pump. 


In supplying the Sheffield Laboratory with the means of 
quick filtration, the following plan has been adopted. The lab- 
oratory being on the ground floor, with no well accessible, and 
having hydrant water under an adequate head, a lead supply- 
pipe of } inch bore was connected with the service pipe and 
carried up an empty flue to the garret. There it returned in a 
short curve, and at a height of about 35 feet, was soldered into 
the end of a vertical piece of lead pipe 8 inches long and of 1 
inch bore, within which it penetrated two inches. Another 
leaden air-pipe of + inch bore was also soldered into the top of 
the inch tube and ran down parallel with the one just men- 
tioned, terminating at the laboratory desk below. To the bot- 
tom of the inch pipe in the garret flue was attached a third 
leaden fall-pipe of 4 inch bore which passed down to the cellar 
bottom with a vertical height of more than 40 feet, and tkere 
entered into a drain pipe. The supply-pipe and air-pipe were 
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brought out at a convenient point above the assistant’s desk, 
The former was provided with two cocks, one to regulate the 
flow of water and another for emptying it in cold weather. 

At 3 feet above a shelf of the desk, a branch was fitted to 
the air-pipe which was connected by rubber to a vertical glass 
tube whose lower end stands in a small vessel of mercury and 
serves as a manometer. This arrangement was put up by a 
plumber in two days’ time and gives the full Torricellian va- 
cuum less the tension of water-vapor. 

For the working students, four similarly constructed pumps 
were made, each being in the center of a double table that ac- 
commodates four operators. In case of these pumps it was not 
practicable to place the pipes within flues ; so they are carried 
up to the ceiling of the laboratory, a height of 13 feet, and 
the fall-pipes pass below into a drain in the cellar bottom. 
The pipes are supported on the faces of a narrow vertical plank 
secured above to the ceiling, and below to the reagent shelf. 
The glass manometer-tube is brought into a slot in this plank 
so as to stand in full view of all four operators. The water 
supply is regulated from either side of the desk by a cock with 
a double lever-handle eight inches long, which works against a 
stop when open to the point of maximum exhaustion. The 
air-pipes terminate in a horizontal brass tube screwed ona shelf 
and open at either end for connecting with the filtering appa- 
ratus. These pumps when in action support a column of mer- 
cury of about 19 to 20 inches, which is sufficient for most ordi- 
nary purposes, and their use 1s in great favor with the students. 
It is needful to intervene between the filter flask and the metal 
pipes a small bottle to collect the liquids which condense in the 
latter, as they contain lead in solution or suspension. 


Art. XIII—On the Aurora seen in New York, April 15, 
1869 ; by W. 8. Gitman, Jr. (In a letter to Prof. Exias 
Loomis, Yale College.) 


I senp herewith a brief account of the grand aurora of last 
evening, as seen by a party of three from the roof of the Ob- 
servatory of Mr. Jacob Campbell, in Brooklyn. 

On coming out of doors to go to the Observatory at 4 past 
7 in the evening the writer called the attention of one of the 
party to thin streaky clouds pointing upward from the horizon, 
and remarked that it was the beginning of an auroral display. 
Hardly had we paused when by their changing, wavy light we 
perceived we were not in error, and in a few minutes afterward 
saw the formation of the corona as in the sketch below. 
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The nucleus or apex of the phenomencn was a cloud, shaped 
like the internal area described 
by a bow with the string drawn 
aside. The southwest was clear, 
as it was generally during the 
evening. From this point the 
wind had been blowing all day. 

To the south the auroral beams 
did not extend nearer the horizon 
than Sirius, and indeed it was 
noticeable that at no time did the 
display exhibit great strength on 
the horizon. 
At 7°40 rosy tints appeared:at 
Aurora of April 15, 1869, 7-40 p. w., as Gifferent points of the compass. 
seen from space. M, Mars ; V, Orion ; Remarkably deep tints were no- 
P, Polaris; 8, Sirius; Z, Zenith. ticed both to the east and west 
of the zenith, and generally at an altitude of 45° or more. 

At 8 p.m. the phenomenon brightened after a dull period of 
some minutes. The rose tints were now very beautiful. In 
the west a very deep carmine was observed. Sulphurous-yel- 
low and greenish hues were also noted. 

At 10 p.m. the aurora was faint, but still quite striking in 
its arrangement. 

At 10°30 it brightened again, the corona reappearing with 
redoubled brilliancy. The nu- 
cleus of light overhead was much 
larger than earlier in the evening, 

\\ | | and in shape resembled the denser 
> Nb, \ A Wy Orion. Indeed the entire phenc- 
\, Menon wore the appearance of 
Wy that nebula, as if it had been 
suddenly brought near to our 
system, so as to cover a quarter 

of the sky. 
At 2 A.M. we ceased observa- 
tions. At this hour there were 
Aurora of April 15, 1869, at 1030 p.m., Still faint beams in the north 
Polaris; 8, Sirius; Z, Zenith >"? Proceeding from the dark sec- 
ment along the horizon, frgm the 

N.N.E. to N.N.W. 


I rank this aurora as inferior in brilliancy to the grand au- 
rora I witnessed at Mount Desert, Maine, on the 15th of Sep- 
tember last, but possessing more interest than the latter in the 
greater grotesqueness of the clouds forming the corona, and 


/ 
JZ. fy part of the Great Nebula of 
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the rosy, greenish and yellowish tints assumed by the broad 
sheets of light which streamed on all sides from the nucleus 
overhead. The September aurora was grander near the horizon, 
and particularly in the N.E., from which point the great 
strength of the aurora in appearance originated. The flashings 
or flickerings along the beams from the horizon upward were 
far more grand in the Maine phenomenon, on which occasion 
they were so impressive as to suggest the simile of “a world 
on fire.” 


Art. XIV.—Contributions to Zoblogy from the Museum of 
, Yale College. No. 1—Descriptions of a remarkable new 
* Jelly-fish and two Actinians from the coast of Maine; by 
A. VERRILL. 


During an excursion to the coast of Maine and Bay of 
Fundy last season, many interesting and rare marine animals 
were observed and collected by myself and companions.* 
Among the most remarkable new species is a very large and 
beautiful Discophorous jelly-fish, which is the type of a new 
genus and represents a family previously unknown upon our 
Atlantic coast. 

In size and general appearance it has some resemblance to 
Cyanea arctica, for which it may, possibly, have been hitherto 
mistaken by casual observers, for it seems scarcely probable 
that such a large and conspicuous species, which occurred twice 
among the wharves at Eastport, could otherwise have so long 
escaped observation. Its color, however, is much lighter than 
that of Cyanea, and yellowish rather than brown or reddish, 
while the much less numerous tentacles are larger, flattened, 
with one edge crenulated and bordered with white, while its 
entire structure is quite different. 

It is far more nearly allied to Heccedecomma ambiguum 
Brandt, of the North Pacific, but the latter is represented with 
round tentacles, different marginal-lobes and ovaries, and 
broader and much more complicated mouth-folds, 


CaLLINEMA Verrill, gen. nov. 

Disk broad, moderately thick, with numerous broad channels 
running to the marginal one, arranged in sixteen systems, 
two or three parallel ‘and undivided tubes alternating with a 
group of five or six branching ones, which unite together into 
one, toward the central portion of the disk, each of which cor- 


* Messrs. S. I. Smith, G. A. Jackson, H. E. Webster, and E. F. Verrill. 
¢ KdAAoc, beauty, vijua, thread. 
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responds in position with one of the sixteen, eye-bearing mar- 
ginal lobes. Toward the marginal channel the branching tubes 
anastomose freely, the undivided ones but slightly or not at all, 
though two often unite into one near the margin. Margin deeply 
and regularly divided into scolloped lobes, sixteen of which 
bear eyes and are bilobed for more than half their length, 
bearing the eye at the division, just below which the channel 
in the lobe divides into two divergent branches, one of which 
goes to each division. Alternating with the eye-lobes are some- 
what longer lobes, which are divided at the edge into two, 
three, or four rounded scollops, each of which receives a sim- 
ple channel. Tentacles in a nearly regular circle, but arranged 
in groups of five or six at the bases of the inter-ocular lobes, 
very long, highly contractile, flat ; one edge double, finely scol- 
loped, the scollops again finely crenulate. Ovaries large, much 
convoluted, pendant pouches, Lobes of the actinostome, four, 
large, elongated, pointed, complexly lobed and frilled. 


Callinema ornata Verrill, sp. nov. 


Disk large, up to 18 inches in diameter, with conspicuous 
radiating tubes, ‘1 to ‘3 inch broad. Actinal appendages, 
when extended, about as long as the diameter of the disk, 
broad, much convoluted and deeply frilled at base, the edges 
with fine papilliform divisions, Ovaries large, hanging loosely 
from the under side of the disk, and nearly equal in length to 
the radius of the disk. Tentacles ‘2 inch broad, extending to 
the length of at least 15 feet in large specimens, capable of 
contracting to a length of less than six inches, about 80 or 90 
in number, arranged in a nearly regular circle, one to each of 
the marginal scollops, except those of the eye-bearing lobes ; 
double edge neatly scolloped, frilled and minutely crenulated. 

Disk transparent, the radiating tubes light brownish yellow, 
the central area marked interiorly with lines of light orange, 
enclosing large, irregularly polygonal areas, below which the 
lobes of the actinostome show through, giving a yellow cen- 
ter about three inches in diameter ; outside of this the ovarian 
lobes, which are light brownish yellow, show through the disk 
and extend at times nearly to its margin. They are grouped 
somewhat into four divisions, and float about variously as the 
animal moves, Eyes pearl-white. Tentacles transparent, the 
complex edge flake-white. Actinal folds lemon-yellow or light 
buff. Lobes of the reproductive organs either yellowish white 
or brownish yellow, with darker borders of yellowish brown or 
orange-brown. Phosphorescent with white light. Diameter 
of largest specimen 18 inches ; length of tentacles 15 feet or 
more, in extension, Another specimen was 10 inches in diam- 
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eter; disk at center 1°5 inches thick ; largest marginal lobes 
1:25 long ; smallest °75; actinal appendages 8 to 10 inches 
long ; ovaries hang down 4 inches from disk ; tentacles 12 feet 
long. 

Eastport Harbor, swimming near the surface at noon ; three 
specimens observed, one preserved in the museum of Yale Col- 
lege. 

7 Edwardsia elegans Verrill, sp. nov. 

Body elongated, slender ; epidermis thick, light yellowish 
brown, with entangled mud, the upper edge slightly free and 
prominent. Tentacles 16, slender, variously curved and en- 
twined, pale flesh-color, with a central longitudinal line of light 
orange-red ; naked part below the disk pale pink with longitu- 
dinal white lines corresponding with the internal lamelle ; 
mouth light yellowish ; disk pale flesh-color. 

Eastport, Me., at low water under stones, rare ; also on In- 
dian Island, N. B. 


Edwardsia farinacea Verrill, sp. nov. 


Body small, changeable in form, not very slender, often swol- 
len in the middle or near the base, tapering upward ; epidermis 
firm, dark yellowish, covered with small, firmly adherent grains 
of sand, the internal lamelle showing through faintly, but be- 
coming more distinct on the naked, transparent, protruded 
basal portion, which is marked by 12 corresponding whitish 
sulcations, meeting at the end and alternating with some finer 
lines, Upper part of column transparent and naked for about 
‘12 inch. Tentacles 12, short, conical, in a single circle at the 
margin of the disk, not crowded, pale yellowish white, sprinkled 
with fine flake-white specks which become more crowded on 
the inner median line and at the tips. Disk small, protruded ; 
mouth largely dilatable, at times elevated on a cone; lips 
with 6 to 12 irregular lobes. Disk and naked space below the 
tentacles pale yellowish white, finely speckled with flake-white, 
the disk with faint whitish radiating lines. Length, ‘5 inch ; 
greatest diameter, ‘15; diameter of disk, -12. 

South Bay, Lubec, on a muddy bottom in 8 fathoms, rare. 


No. I.—Descriptions of a new genus and two new species of Scyl- 
laride and a new species of Aithra from North America; by 
Sipyey I, Sura. 

Evibacus, gen. nov. 
Carapax very broad ; lateral border expanded, incision at the 
cervical suture closed, and the margin behind it not incised. 

Rostrum broader than long, very slightly bilobed. Eyes situ- 
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ated midway between the rostrum and the outer angle; the 
orbits entire, slightly removed from the anterior margin and 
connected with it only by a suture. Antenne with the inner 
margins approximate. 

This genus is most nearly allied to Ibacus and Parribacus 
but is very distinct from both of them in the entire lateral mar- 
gin of the carapax, the closing of the orbits in front, and the 
form of the rostrum. 

Evibacus princeps, sp. nov. 

Whole upper surface verrucose and nearly naked ; five low, 
tuberculose elevations on the median line of the carapax, of 
which one is at the base of the rostrum, two on the gastric re- 
gion, one on the anterior part of the cardiac, and one on the 
posterior margin ; similar elevations on the middle of the sec- 
ond and third segments of the abdomen, and a very slight one 
on the fourth. Carapax strongly convex transversely ; the an- 
terior margin nearly straight, except at the lateral angle where 
it is slightly curved forward ; lateral margin strongly curved, 
with a broad notch at the cervical suture behind which the 
margin is very slightly, obtusely and irregularly toothed. An- 
tenn together as broad as the anterior part of the carapax ; 
the outer margins coarsely and irregularly serrate and their out- 
line forming the segment of a circle. Everywhere beneath 
naked and nearly smooth. External maxillipeds with the outer 
margin of the merus divided into a number of slender proces- 
ses, Legs so short that when bent forward in their natural 
position they are concealed beneath the expansions of the car- 
apax ; those of the first and second pairs with the superior 
angle of the merus raised into an obtuse crest ; dactyli of all 
the legs short and stout, in the female those of the posterior 
pair closing against a process from the propodus. Abdomen 
with the lateral projections of the second, third and fourth 
segments long and rather acutely pointed, those of the fourth 
shorter and triangular at tip ; lamella of the terminal segment 
half as long as broad. Whole length of body, 14 in. ; length 
of carapax, including rostrum, 5°8 ; breadth of carapax, 7°9. 

A single female specimen of this remarkable species, the first 
of the Scyllaride discovered upon the west coast of America, 
was sent from La Paz, Lower California, by Capt. Jas. Pedersen. 


Arctus Americanus, sp. nov. 


Carapax as broad as long, median crest high, covered with 
low squamiform tubercles, tridentate, the anterior tooth small 
and situated half way between the front and the second tooth ; 
lateral crests very high, anterior portion with two teeth above 


the eye and separated by a deep notch from the posterior por- 
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tion which is covered to the lateral margin with low squamiform 
tubercles ; depression between the median and lateral crests 
broad and deep, smooth or slightly punctate, with a median 
line of four depressed tubercles ; lateral margin broken by a 
deep fissure at the cervical suture, and by a slight one a little 
more posteriorly, Antipenultimate segment of the antenne 
as broad as long ; anterior angle not prominent ; outer margin 
arcuate, bidentate ; anterior margin armed with several denti- 
cles ; median carina prominent but smooth and even ; terminal 
segment short, the extremity almost truncate and rather deeply 
five-lobed, the lobes rounded; the inner margin bidentate. 
Exposed portions of the abdominal segments sculptured as if 
covered with rows of scales ; fourth segment with a prominent 
median elevation above. Feet nearly naked ; the merus seg- 
ments slightly carinated above. Length, 1:45 in.; length of 
carapax, along the median line, -45, lateral margin, ‘50; 
breadth, anteriorly, ‘49. Male and female do not differ. 

Several specimens from Egmont Key, west coast of Florida, 
collected by Col. E. Jewett and William T. Coons. It is spe- 
cially interesting as the representative of a genus hitherto 
‘known only from the old world. 


scutata, sp. nov. 


Carapax transversely and regularly elliptical ; margins thin, 
slightly dentate, the denticles separated by broad and very 
shallow sinuses ; posterior margin nearly straight in the mid- 
dle ; anterior margin straight and parallel to the posterior 
margin for a short space outside the eyes; front projecting 
horizontally, its margin forming a semicircle; gastric region 
elevated, with a broad median depression extending to the 
front ; anterior lobe of branchial region large and prominent ; 
the broad space between the branchial region and the antero- 
lateral margin concave ; summits of the elevations and a space 
along the posterior border tuberculose, rest of the upper surface 
smooth ; inferior lateral regions slightly convex and smooth. 
Chelipeds fitting closely to the carapax ; the angles projecting 
into dentate crests; outer and inferior surface of the hand 
coarsely granulous. Ambulatory legs short ; the angles pro- 
jecting into thin, dentate crests, Sternum and abdomen deeply 
vermiculated, Length of carapax, 1:39 in. ; breadth, 2°23. 

A single male of this species, the first of the genus dis- 
covered in America, was sent with the Evibacus from La Paz 
by Capt. Pedersen, It is at once distinguished from 4. scru- 
posa Edw., by the much broader and more regularly elliptical 
carapax. 


The genus Zthra should evidently be placed near Crypto- 
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podia as has been done by Stimpson. The gastric region is 
narrow and projects far forward as in the Maioids, The ex- 
pansions on the sides of the carapax, which give it a Cancroid 
form, are thin, and contain none of the internal organs, and 
their removal would give the carapax very much the form of 
Cryptopodia. 


SCIENTIFIC INTELLIGENCE. 
I, PHYSICS AND CHEMISTRY, 


1. Spectroscopic observations of the Sun.—LockyYEr has com- 
municated a number of interesting facts resulting from his further 
observations on the spectroscopic phenomena of the sun. Of 
these the following are especially worthy of notice. 

(1.) The lines of magnesium, sodium and barium when observed 
in a spot, are thicker than their usual Fraunhofer lines. 

(2.) The same lines when observed in the chromosphere are 
thinner than their usual Fraunhofer lines. 

The author considers these facts additional proof of the truth of 
his assertion made in 1865, on telescopic evidence alone that a spot 
is the seat of a downrush, as we now know, to a region where the 
selective absorption of the upper strata varies from what it 
would be at a higher level. We have then two causes for the 
darkening of a spot:—first, the general absorption of the chromos- 
phere, thicker here than elsewhere as the spot is a cavity, and 
secondly, the greater selective absorption of the lower sodium, bari- 
um, magnesium stratum, the surface of its last layer being below 
the ordinary level. Mr. Lockyer endeavored to observe the solar 
prominences by using a very rapidly oscillating slit, but up to the 
present time without satisfactory yesults. By using, however, a 
wide slit, without the absorbing media employed by Mr. Huggins, 
Mr. Lockyer obtained very striking results. The solar and atmos- 
pheric spectra being hidden and the image of the wide slit alone 
visible, the telescope or slit is moved slowly, when fleecy delicate 
cloud-films are seen, of various beautiful forms. By this method, 
the smallest details of the prominences and of the chromosphere 
are rendered visible and easy of observation. Mr. Lockyer found 
it best for sketching purposes to have the open slit in a radial di- 
rection, but in studying the chromosphere it is best to place the 
slit tangent to the sun’s limb. The outline of the chromosphere 
varies greatly, being sometimes undulating and-billowy, sometimes 
ragged and sometimes nearly even for some distance, but very un- 
even near a prominence. The prominences sometimes undergo 
very marked changes in a few minutes; in one case, in about ten 
minutes, a portion of one about 27,000 miles in height entirely dis- 

' oni another portion of the same protuberance increasing at 
the same time. In a former paper Mr. Lockyer pointed out the 
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fact that the F line widens as it approaches the sun, the bright 
line appearing sometimes to extend upon the sun itself, sometimes 
on one side of the dark F line and sometimes upon the other. Dr. 
Frankland and Mr. Lockyer believe that they have found that the 
widening of the F line is due to pressure, and not to temperature 
per se. It is remarkable, however, that the widening does not 
always show itself upon both sides of the line F. In one case Mr. 
Lockyer found that the bright F line underwent strange contor- 
tions, as if there were some disturbing cause which varied the re- 
frangibility of the line. At the same time and in the same protu- 
berance characteristic lines of barium, magnesium, nickel (?) and 
some unknown substance were observed. In this case, therefore, 
there was an uprush from the photosphere into the chromosphere, 
accompanying which there were changes of enormous magnitude 
in the prominence, and when the uprush ceased the prominence 
died away. In a subsequent paper Mr. Lockyer communicated 
the results of observations made in the neighborhood of a fine spot 
not very far from the sun’s linb. The author’s results, in his own 
words, are as follows: 

I. Under certain conditions, the C and F lines may be observed 
bright on the sun, and in the spot-spectrum also, as in prominences 
or in the chromosphere. 

II. Under certain conditions, although they are not observed as 
bright lines, the corresponding Fraunhofer lines are blotted out. 

III. The accompanying changes of refrangibility of the lines in 
question show that the absorbing material moves upward and 
downward as regards the radiating material, and that these mo- 
tions may be observed with considerable accuracy. 

IV. The bright lines observable in the ordinary spectrum are 
sometimes inferrupted by the spot-spectrum, 7, ¢., they are only vis- 
ible in those parts of the solar spectrum near, and away from, 
spots. 

V. The lines C and F vary excessively in thickness over and 
near a spot, and on the 11th ithe deeper portion of the spot they 
were much thicker than usual. 

VI. Stars in the spectrum of which the absorption lines of hy- 
drogen are absent, may either have their chromospheric light radi- 
ated from beyond the limb just balanced by the light absorbed by 
the chromosphere on the disk, or they may come under the condi- 
tion referred to in (II), either absolutely or on the average. 

Mr. Lockyer remarks that a mere uprush or downrush at the 
sun’s limb will not affect the wave length, but that the wave length 
will be altered by cyclones or backward and forward movements, 
while near the centre of the disk the wave length will be altered 
by upward or downward movements. The author remarks that 
the fact that the hydrogen-lines do not invariably broaden out on 
both sides shows that the phenomena are not always due to great- 
er pressure. The F line always widens on both sides, when the 
pressure of the hydrogen is increased. In observing a spot very 
near the sun’s limb, Mr. Lockyer found that the spectrum of the 
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chromosphere showed that the whole adjacent limb was covered 
with prominences of various heights blended together. These 
prominences seemed to be fed, as it were, from the preceding edge 
of the spot as C. F and the line near D were very bright on the 
sun itself. In the prominences C and F were strangely irregular, 
and the magnesium lines were seen far above the spectrum of the 
limb. Mr. Lockyer infers that a portion of the upper layer of the 
photosphere had been lifted up beyond the usual limits of the chro- 
mosphere. The vapor of sodium was also present in the chromo- 
sphere, in which Mr, Lockyer also for the first time saw the iron 
lines.—Proe. Royal Society, xvii, 350, 415. W. G. 

2, On the existence of a stratum giving a continuous spectrum 
between the chromosphere and the sun’s limb.—In a letter to the 
perpetual secretary of the Academy of Sciences in Paris, Szeccut1 
states that he has seen between the chromosphere and the limb of 
the sun all the finer rays disappear, and the dark rays D and d be- 
come almost invisible. The stratum or layer which gives the 
almost uninterrupted spectrum in this case is extremely thin. Sec- 
chi estimates its angular thickness as hardly two or three seconds. 
The observation stands in great need of confirmation by other ob- 
servers.— Comptes Rendus, \xviii, 580. Ww. G. 

We are indebted to Prof. Winlock for the following interesting 
notices :— 

The light of the beautiful Aurora of the evening of April 15th, 
examined with the spectroscope, gave five bright lines correspond- 
ing in position to the following lines of Mr. Huggins’ scale :— 


1280 (brightest.) 


1550 
1680 near F. 
2640 near G. 


On the evening of June 6th, the same lines were again observed, 
the brightest corresponding to 1280 of Mr. Huggins’ scale. ‘These 
lines could readily be seen and measured with an ordinary chemi- 
cal spectroscope, with the collimator pointed directly to the hea- 
vens. On the 14th of January, a bright solar line was seen near 
G, and on May 21st, another line was seen between G and H and 
between 4420 and 4430 of Mr. Huggins’ scale. This is probably 
the fourth hydrogen line first identified by Angstrém. 

The spectrum of Winnecke’s comet, as lately observed, resem- 
bles that of carbon. The comet is seen as a bright object, with a 
telescope of 4 inches aperture. Ww. G. 

3. On a new alkaloid isomeric with toluidine.—Previous to 
1863 it was supposed that the production of rosaniline required 
the use only of aniline; but about that time Hofmann showed 
that toluidine was also necessary. Attempts were then made to 
obtain these alkaloids pure, in the hope that by their judicious 
mixture, the yield of coloring matter would be increased. Cou- 
pier by carefully fractionating, obtained benzo! and toluol pure ; 
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but though the former yielded a pure aniline, the latter gave a 
toluidine which remained liquid and did not entirely crystallize, 
notwithstanding its boiling point was exactly 198°, and its elemen- 
tary composition was that of toluidine. This result was accounted 
for by the hypothesis that this substance existed in two modifica- 
tions, one liquid, the other solid. The same anomalies have been 
noticed in nitro-toluol; that which crystallizes yielding a crystal- 
lizable toluidine. Kekulé supposes the crystallization is preven- 
ted by some foreign substance; though the Scotch coals yield a 
toluol completely transformable into the crystallized nitro-toluol. 
These facts suggested to RosENstrEHL the possibility that ordi- 
nary toluol is not a single body, but a mixture of two or more 
isomers. This view was strengthened by Coupier’s announcement 
of the production of a red coloring matter from toluidine alone. 
He therefore submitted Coupier’s toluidine to proximate analysis, 
founding his method Ist, on the crystallization of the toluidine; 
and 2d, on the absolute insolubility of its oxalate in ether free 
from alcohol. On cooling the liquid toluidine to 0° and dropping 
in a crystal, the mass becomes almost solid; on pouring off the 
still liquid portion and repeating the operation, more crystals sep- 
arate; and finally, after 32 per cent has crystallized, the non-crys- 
tallizable liquid is converted into oxalate and treated with ether, 
which leaves behind oxalate of toluidine, while it dissolves the 
isomeric oxalate. This after recrystallization, yielded, on being 
decomposed by sodic hydrate, a liquid base boiling at 198°, not 
giving a red with arsenic acid, and having the formula €,H,N. 
The amount obtained was 36 per cent of the toluidine used. On 
drying the oxalate at a temperature just above 100°, a body was 

roduced which crystallized from solution in water in long beauti- 
fal silky needles, markedly in contrast with the oxalate. On 
analysis these crystals yielded the formula €,,H,,N .0,, which 
is that of the oxalate, minus one molecule of water. The body is 
therefore intermediate between the oxalate and the corresponding 
oxamid. It possesses the characters of anamid; salts of calcium 
do not precipitate it; boiling solution of sodic hydrate reacts 
with it to produce sodic oxalate, setting the base free; at 120° it 
melts and losing another molecule of water, becomes the true amid 
which is insoluble in water, is not attacked by sodic hydrate, boils 
at 240° and volatilizes without decomposition. The compound 
corresponding to this which true toluidine yields, does not fuse 
below 220°, is not volatile, but chars when over heated. The base 
yielded by the new compound is identical with that obtained from 
the oxalate, and has the precise ultimate composition of toluidine. 
Rosenstiehl proposes for it provisionally the name pseudo-toluidine. 
It is a colorless liquid when recently distilled, but becomes slowly 
colored in the air—though less easily than aniline—it has a feeble 
though peculiar odor, is highly refractive, does not affect polar- 
ized light, has a density at 16°3° of 10002, boils at 198° when dry, 
but at 195° if a trace of moisture be present. It appears to be 
identical neither with methyl-aniline—which boils at 192° and 1s 
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colored blue by chlorid of lime—nor with the benzylamine of 
Limpricht—which boils at 183°—nor with the alkaloid described 
by Mendius—which distils between 182° and 187°5°. ‘To compare 
the three alkaloids together, it was necessary to prepare them per- 
fectly pure. The aniline was prepared from Coupier’s product, 
which contained only five per cent of the two other bodies, by 
transforming it into oxalate and treating this with ether—in which 
it is extremely insoluble—in a Payen’s apparatus for 300 
hours. This oxalate, which no longer gave the reaction for pseudo- 
toluidine, was freed from toluidine by converting it into chlorhy- 
drate and recrystallization. Pure aniline chlorhydrate was thus 
obtained, 129°4 parts of which required 100 parts of water at 
17°7° for solution. Aniline oxalate crystallizes easily in right 
rectangular prisms, and is the most soluble in water of the three 
oxalates. Pseudo-toluidine chlorhydrate also crystallizes in the 
ortho-rhombic system, the crystals having a peculiar tendency to 
collect any coloring matter accidentally in the solution at their two 
extremities, the middle being colorless; some of the crystals were 
violet-red at one end, and a yellowish green at the other. 37°4 
parts of this salt dissolved in 100 of water at 15°5°. For the pre- 
paration of pure toluidine, the oxalate insoluble in ether left in 
the preparation of the pseudo-toluidine was submitted to a cur- 
rent of ether as above for 1,000 hours; though even then it con- 
tained traces of aniline. Transformed into chlorhydrate and ob- 
tained pure by recrystallization, 22°9 parts required 100 parts of 
water at 11° for solution. It crystallizes in the monoclinic sys- 
tem. In the production of color from these alkaloids Rosen- 
stich] finds that the solvent as well as the reagent employed, is 
of importance ; the former may be either a mixture of water and 
ether, or dihydrated sulphuric acid (H,50,); the reagents may 
be divided into two classes, whose action is diametrically opposite : 
the one including chlorine and active oxygen, the other nitric acid 
and the mixtures which produce it. With the first named he pro- 
ceeds thus: dry aniline is dissolved in sulphuric acid of density 1°84, 
and a little chromic acid in the same acid is added; on dropping 
in water drop by drop, an intense blue color is developed which 
is deepest after the acid is diluted with one half its volume of 
water. Chromates, permanganates, chlorates, hypochlorites, chlo- 
rine, manganic and plumbic peroxyds, electrolytic oxygen and a 
mixture of nitric and chlorhydric acids may be used as oxydiz- 
ing agents. The same colorations are given by pseudo-tolui- 
dine, but toluidine is not thus colored. If, however, nitric 
acid be used in the same solution, these reactions are inver- 
ted; aniline and pseudo-toluidine give no result, while tolui- 
dine is colored strongly blue. This reaction is so delicate that 
Rosenstiehl proposes it as a test for nitrates; and as chlor- 
ates do not give it, it may serve to distinguish these bodies in 
presence of each other as also from chlorids. In one experiment, 
10 grams sodic chlorid and ‘01 of niter were mixed together and 
‘01 grm.—corresponding to z$y of a milligram of nitrate—was 


126 Scientific Intelligence. 


added to the sulphuric solution of toluidine, with the production 
of a distinct blue zone. If on the other hand, a mixture of 
water and ether be used as the solvent, then chlorid of lime be- 
comes the most delicate test for the free alkaloids. Aniline be. 
comes distinctly blue even in presence of toluidine, and greenish 
in presence of pseudo toluidine. The alkaloid is dissolved in 
ether, an equal volume of water is added and then chlorid of lime 
drop by drop, agitating strongly till the color appears. On de- 
canting the ethereal layer into a tube containing water, adding a 
drop of any dilute acid and shaking, there is developed a magni- 
ficent red color comparable to that of permanganate. This is a 
most delicate test for pseudo-toluidine ; neither aniline nor tolui- 
dine give it. With regard to the influence of pseudo-toluidine on 
the production of fuchsine, Rosenstiehl finds that 2 parts pseudo- 
toluidine and 1 of aniline yield 50 per cent of a red substance un- 
doubtedly isomeric with rosaniline; 1 part pseudo-toluidine and 
2 parts toluidine yield 25 per cent; 1 part aniline and 2 parts to- 
luidine yield 39 per cent. To determine the value of an aniline 
for the production of the red coloring matter, it is sufficient to 
take its mean boiling point. The same is true for aniline-black— 
Bull. Soc. Ch., ll, x, 192, Oct., 1868. G. F. R 
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1. Extracts from “ Report on the Precious Metals ;” by W. P. 
BuiakE. (Continued from vol. xlvii, p. 433.)— 

Production of gold from placers and from veins compared.—tt 
must be remembered that the production of gold from placers is 
necessarily transitory and comparatively abnormal, inasmuch as 
the placer miner takes advantage of the work which has been per- 
formed by the grand operations of nature extending over enormous 
periods of time. He, in fact, “cleans up” gold which has been 
already mined. The force required to detach the metal from its 
rocky matrix has been applied. The vein-stone has been broken out 
and ground up by the power of streams rolling for unnumbered 
ages over the rocks, and by the resistless power of glaciers, cover- 
ing the mountains, filling the valleys, and everywhere cutting away 
the rocks and veins of the mountains, and throwing the fragments 
into the rivers, there to be ground and distributed by the currents 
in terraces and bars while the grains of gold settle to the bottom. 

To obtain an ounce of gold from a ton of quartz rock requires a 
certain amount of force, The rock must be broken and ground to 
dust. The operation is slow and tedious, It may be said, in truth, 
that every ounce of gold in placers has required the expenditure 
of force equal to that now required to extract the same quantity 
from veins. The advantage in cheapness of production which the 
jlacer miner has over the quartz miner is thus made manifest. 

he work of mining and crushing has been performed for him by 
nature, 


t 

t 
} a 

f 

if 

d 

¢ 

t 

t 

8 

n 

d 

0 

a 

t 

a 

a 
P it 
p 

0 
8 

a 

e 

d 
e 

n 

f 

t 

h 

tl 

m 


Mineralogy and Geology. 127 


As soon, therefore, as placer deposits are comparatively exhausted 
the miners will be driven to the veins, a normal production of gold 
will begin, and it may be said, in general, that every ounce of gold 
wherever produced, will require a nearly equal expenditure of 
power. Of all metals gold is the most uniform in its mode of oc- 
currence. The conditions in which it occurs in veins are nearly 
the same in all parts of the world. Its common matrix is quartz, 
and the percentage of the metal in the vein-stone in all workable 
veins may be considered as remarkably uniform. Other metals are 
found in a variety of conditions; sometimes with one matrix and 
sometimes with another of a very different nature and hardness. 
They are also in combination with a variety of elements from which 
it is more or less difficult to separate them, and the quantity of such 
metals in different veins varies greatly. They may thus be pro- 
duced in some places or countries very much cheaper than in others. 
The cost of transportation varies greatly. The conditions of pro- 
duction are so varied and different in different parts of the world, 
that these metals require in some places much more or less labor 
than at others, and thus a given weight of the products can never 
represent a constant or uniform expenditure of labor. Not only me- 
chanical but chemical processes are involved for their isolation. 
With the metal gold in veins, on the contrary, the conditions are 
so simple and similar that to produce a given weight of it requires 
nearly the same amount of labor in any part of the world.* It 
does not occur like the ordinary metals in great beds and masses, 
but is disseminated in comparatively small grains in a vast amount 
of hard rock. The operation of separating it from this rock is simply 
amechanical one. The quartz must be crushed and ground, and as 
the hardness of this mineral is nearly the same all over the world, 
and as the percentage of gold in all workable veins of it is remark- 
ably even, compared with workable veins of silver or other metals, 
it will be seen that gold is the best measure or evidence of applied 
power or labor that we can have. It is this, combined with the 
other valuable qualities of the metal, its utility, beauty, and inde- 
structibility, and its almost universal distribution} that renders it 
above all other substances the most appropriate and desirable for 
money. 
Probable rise in the value of gold.—In proportion as the miners 
exhaust the store of mined gold, which nature has so bounteously 
‘deposited in the placers, the gold production will become more 
equable and constant, and, at the same time, more costly. We 
may confidently rely upon a large production from veins in the 
future, especially if such mining is encouraged by suitable legisla- 
tion, Yet under the most favorable conditions the production of 
gold from veins cannot be expected to be as great and rapid as it 
has been from the placers. With this continued decrease in the 
* This, of course, is stated in a very general way, and there may be exceptions. 
+ The distribution of gold may be said to be coincident with the mountain 
chains of the globe. There is no extended region, no great political division of 


the globe without its gold fields. Itis a notable fact, also, that it occurs chiefly in 
mountain regions where water-power can be readily obtained for its extraction. 
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annual production it seems probable that gold will soon begin to 
sensibly appreciate in value unless some new and unlooked for dis- 
covery of placers shall be made, of which, however, there does not 
appear to be much probability.* 

It-was argued by Chevalier and others soon after the great dis- 
coveries of gold i in California and Australia, that gold would neces- 
sarily depreciate i in value—that its purchasing power was destined 
to be much lessened by the great influx of the metal from these new 
sources. But the relative value of gold has not changed as much 
as was expected, and it would now seem that tae supply did not 
more than keep pace with the ever-increasing demands of commerce 
and industry, stimulated as they have been by an increased supply 
of gold. The wonderful increase of the industrial activity of the 
world, resulting chiefly from the varied developments and applica- 
tions of the physical sciences, has been sufficient to appropria ate all 
the excessive production of the past 20 years. 

Corps of Mining Engineers.—In connection with, and as nn 
growing out of such a mining college, the government should or- 
ganize and make provision for a corps of mining engineers, to be 
filled subsequently by the graduates of the college; the members 
of the corps to have rank and promotion corresponding with the 
grades of the corps of military engineers. 

Such a body of thoroughly educated men should be charged 
with the duty of exploration of our mineral regions; with the col- 
lection of information upon them; with the preparation of reports 
upon mineral deposits, and memoirs upon mining and metallurgy, 
all of which would form the basis for publications at regular inter- 
vals, giving to the people such information as would best promote 
their interests and the national prosperity. 

Engineers, so educated and sustained by the government, would 
be animated by laudable ambition and enthusiasm, and would be 
strengthened by an esprit de corps tending to their moral and xs- 
thetic elevation. They would be in a position to give independent 
and reliable opinions and advice upon the value of our mineral 
deposits and the best method of developing them. 

Such an organization would open a new and inviting field to our 
young and enterprising men, the graduates of schools of science, 
and others, who seek a career in the fields of science. 

In view of the recognized necessity of thorough technical edu- 
cation to the highest industrial and commercial development of a 
nation, the organization of a national corps of mining engineers 
has an increased i importance; for, as already argued in regard to 
the influence of a mining college, it would have an immense influ- 
ence in promoting ¢ general scientific education, thereby causing an 
exact knowledge of the fundamental laws of nature to pervade 


* The great and at present but imperfectly known gold region of Siberia and 
China, has already been mentioned. There is in addition to this a possibility of 
extensive virgin placers being found in Africa; some indications of the existence 
of a valuable gold region there have already been discovered. Some recent dis- 
coveries are reported in Mexico, but these are probably quite local in extent. 
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the people, and giving them a greater power over our vast mate- 
rial resources, 

Another great means of increasing the production of the pre- 
cious metals is the construction of railways across the country, by 
which prospectors and supplies can be carried into the heart of what 
are now comparatively unexplored and unknown mineral regions ; 
and by which machinery can be delivered at moderate cost to ex- 
tensive regions already known, but remaining comparatively dor- 
mant for the want of rapid and cheap communication with the cen- 
ters of supply both east and west.—page 241. 

Government Protection of Mining Enterprises.—It is a primary 
duty of the government having a public domain of such great ex- 
tent and wonderful richness to foster and protect mining enterpri- 
ses, not only in order to promote the production of gold, silver, 
and ordinary metals, but as one of the best means of stimulating 
immigration, settlement, and the march of industry in all direc- 
tions. Mining, considered in its importance to the wealth of the 
country, is an interest which cannot be neglected in legislation 
without serious loss. 

The veins of gold, silver, and other metals should be regarded 
as the heritage of the people, and while these veins should be left 
free to all who choose to work them, they should not be completely 
abandoned to hap-hazard destructive development. The govern- 
ment should exert over them an intelligent protecting and direct- 
ing care, and adopt such laws and regulations as will best promote 
permanent successful mining, preventing waste, the loss of the pre- 
cious metals by careless and ignorant working, the complication 
and conflict of titles, and the holding of claims for merely specu- 
lative purposes, without any efforts being made to open and work 
them. 

Nearly all the great exhibitions of mineral products in the Expo- 
sition illustrated the value of government direction and regulation 
of mining industry. The most satisfactory and perfect exhibitions 
were those made under the direction of government mining engi- 
neers. The collections were methodical and complete exhibits of 
the mineral resources of each country, and they were accompanied 
by maps and sections of mines in detail and by statistical publica- 
tions prepared with the greatest care every year. The relations 
of position of the veins of ores and of beds of coal to the geologi- 
cal formations were shown by geological maps and sections and 
by models on a large scale, showing not only the inequalities of 
the surface of great districts of country, but the position of the 
coal beds below the surface, and the location of every mine. 

By fostering mining enterprises and by thoroughly educating 
and training men to conduct them, many countries, whose re- 
sources in the precious and other metals are comparatively meager, 
are successful producers of gold and silver from ores and veins such 
as in the United States would not be regarded as worth the labor 
of working. Every portion of an ore is utilized, and valuable 
products are obtained where without science and skill they would 

Am. Jour. Sc1.—SEconD Series, Vou, XLVIII, No. 142.—Juxy, 1869. 
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be wasted in residues. It has been shown in these pages that gold 
ores produced upon the slopes of the Rocky mountains and found 
to be “ rebellious ”—difficult to work—have been transported with 
profit, in a partly worked state, over the immense plains and 
across the whole breadth of the States east of the Mississippi, and 
then shipped across the Atlantic, to be successfully worked at 
Swansea, in Wales, simply for the want of a proper development of 
metallurgical science and industry in the United States. We 
must not lose sight of the fact that we not only send some of our 
ores abroad to be worked, but that many of our young men are 
sent abroad to obtain that thorough education and training in 
government institutions which they are unable to obtain at home. 

Importance of a National Mining College.—The establishment 
of a national mining college would be one of the best or most ef- 
fcetive means of securing the proper working of the mines and of 
promoting permanent and profitable mining enterprises, and thus 
tend to maintain a large production of the precious metals, espe- 
cially from veins and deep placers, or wherever capital and skill is 
required. The dissemination of accurate information regarding 
mineral veins and their contents, and upon the various methods for 
extracting and reducing the ores economically, would prevent much 
of the present ill-directed energy and expenditure of time and money, 
often upon localities where there is little room to hope for success, 
Such institutions are absolutely necessary to gather the teachings 
of experience and to place them in a form available to the many 
persons now interested and yet to be engaged in mining, and to the 
prospectors who are penetrating our unequaled mineral regions in 
all directions and are constantly discovering new sources of wealth. 
The country cannot do too much to sustain and encourage the men 
who are thus prospecting the unexplored and almost inaccessible 
portions of the public domain, and to whom we are chiefly indebted 
for the discoveries which have been made. We should not leave 
them to labor unaided, but should follow them by organized explo- 
rations, by careful examinations of the veins and mineral deposits 
which they discover, and by the speedy publication of reliable and 
full information upon them. One of the prominent features of a 
school of mines should be practical laboratories and metallurgical 
works upon a moderate scale, in which the students could take 
practical lessons in the working of ores by all the known and ap- 
proved methods, including the mechanical preparation of ores, their 
concentration by water and by fire in furnaces, or their reduction 
in pans or otherwise. These laboratories would be miniature 
metallurgical establishments, where ores of all kinds, “docile” or 
“rebellious,” would be received, experimented upon, and treated by 
the best methods, while the theory of the processes would be fully 
given and the chemical reactions explained, so that the students 
would obtain a thorough knowledge and comprehension of the 
principles involved in the chemical treatment of ores and be pre- 
pared to adapt themselves to other circumstances in which they 
might be placed, when called upon to treat ores in regions remote 
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from supplies. Such a government mining school would not only 
directly promote mining industry, but it would greatly increase 
the amount of exact scientific knowledge among the people, and 
thus promote, in the most effectual manner, general scientific edu- 
cation, the results of which would be felt in all our industrial pur- 
suits. 

2. Notes on the origin of Bitumens, together with experiments 
upon the formation of Asphaltum; by 8. F. Pzeckuam.—This 
paper, presented to the National Academy of Sciences at its August 
meeting by Professor J. D. Whitney, was also communicated by 
him to the American Philosophical Society on the 2d of October, 
and has been published in their Proceedings. After alluding to the 
vague character of the nomenclature used to designate natural 
hydrocarbons, Mr. Peckham proposes a classification of these sub- 
stances on the basis proposed in this Journal (II, xxxv, 157) by T. 
8. Hunt; i. e., their solubility or insolubility in bisulphid of carbon. 
He would limit the term “ Bitumen” to those liquid and solid hy- 
drocarbons thus soluble, as well as to those minerals from which 
these are derived which are not true coals; the coals themselves 
being called bituminous. Taking petroleum as normal bitumen, 
he classifies the derivatives as follows : 

Lower derivatives, naphthas, and gaseous hydrocarbons, 
(by distillation). pee 
Sphaits. 
Malthas. 


(by inspissation or de- Asphaltic-schists. 
composition). Pyro-schists. 

Assuming that petroleum is “the primary product of the decom- 
position of marine animal or vegetable organisms, chiefly the for- 
mer, and that nearly all other varieties of bitumen are products of 
a subsequent decomposition of petroleum,” Mr. Peckham proceeds 
to consider the various theories of its origin which have been pro- 
posed, and to express his own conviction that it is more largely 
animal in its origin than has been supposed, the different varieties 
being due to the varied forms of animal life from which they origi- 
nated. This view he considers to be sustained by the fact that 
while the amount of nitrogén which is found in the paleozoic petro- 
leums is small, (a fact which Dr, Hunt.attributes to the low char- 
acter of the animal life at that time, the tissues of these animals 
being “destitute of nitrogen and very similar to the woody fiber 
of plants,”) the tertiary petroleums which are associated with 
abundant fossil remains of higher animals, are rich in nitrogenous 
matters. Such are the Miocene products of Southern California 
and of the Baku region of the Caspian Sea. The different hy- 
— are then enumerated at length; Bischof’s as modified by 

unt, is possible as a matter of theory; but Mr. Peckham main- 
tains “that petroleum has never been observed under such circum- 
stances as to leave no possibility of a doubt that it was derived 
from wood.” Wood has been changed to lignite in historic times, 
it is true; but never to petroleum, which seems to argue the neces- 
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sity of a peculiar decomposition to the production of this sub- 
stance; a decomposition requiring conditions which not only are 
not now present, but such as never were universal, Destructive 
distillation may form petroleum from either vegetable or animal 
matters; but we have no right to assume that anything analogous 
to this has ever been active in nature. As to Lesquereux’s view 
that early petroleums are derived from marine alge, Mr. Peckham 
thinks that while it is possible, it cannot be established; since the 
differences in composition between this and the animal life of the 
deep sea “are too slight to admit of any nice theoretical distine- 
tions being drawn respecting the products of their decomposition.” 
Berthelot’s synthetical theory, he dismisses as insufficient to ac- 
count for the different varieties of petroleum in different countries, 
or for the uniformity of the product in the same general locality. 

Too much weight has been given to identities observed between 

etroleums from various parts of the earth’s surface. Because 
Waseem and Storer have shown the same proximate principles in 
Rangoon and Pennsylvania petroleum, “it must not be taken for 
granted that all petroleums contain those principles.” Moreover, 
the denser portion of neither has yet been studied; and this, which 
in Pennsylvania petroleum amounts to 30 per cent, rises in other 
samples to 70 per cent. The theory of the animal origin of these 
products, on the ground of their gradually increasing content of 
nitrogen as we pass upward in the geologic scale, is the only one 
competent to account for the facts. Chemically, it of course is 
possible; and the geologic association of petroleum with animal 
remains, as in the Lias of England, the Silurian of Canada, and 
the Miocene of California, strengthens the argument derived from 
the highly nitrogenous character of the petroleum itself. That the 
phosphorus and sulphur of animal tissues is not found in the 
hydrocarbons, is to be attributed to their easy oxydation and re- 
moval by water; though in California, sulphur and sulphuretted 
hydrogen are of frequent occurrence. 

In view of the foregoing facts, viz: (1) that petroleum is the 
primary product of the decomposition of organic matter, and (2) 
that this matter is chiefly animal, Mr. Peckham divides all the dif- 
ferent varieties into two groups. The first group forms asphaltum 
by inspissation, if at all; it contains paraffin, and allthe products 
of its distillation contain this substance. This group—which he 
designates as “Class A ”—is represented by the petroleums of Oil 
Creek and vicinity, Pennsylvania. The second group yields as- 
phaltum by decomposition; it does not contain paraffin, nor do its 
distillates. This group—“ Class B”—includes the petroleums of 
Southern California. “ Naphtha” is a term which he applies to 
“those extremely volatile and slightly colored mineral oils which 
are occasionally met with in different localities, and which are evi- 
dently the product of a distillation carried on by natural pro- 
cesses.” “Maltha” is allied to tar, and is particularly distin- 
guished from petroleum by its viscidity and by the difficulty of 
freeing it from mechanical admixture with liquid or gaseous im- 
purities. The same causes which produce maltha from petroleum, 
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will, if continued, produce solid asphaltum; and this whether the 
petroleum be of class A or B. Asphaltum and pyro-asphaltum 
are pure amorphous bitumens, having a conchoidal or angular 
fracture; the former is soluble in bisulphid of carbon, the latter 
not. Asphaltic schists and pyro-schists are produced either by the 
saturation of pervious strata with petroleum, or by admixture of 
earthy with the organic matter, and subsequent conversion into 
asphaltum. Under one of these heads is included all bituminous 
minerals containing an excess of earthy matter. 

As to the formation of asphaltum by simple inspissation of the 
petroleum of class A, Mr. Peckham suggests that the small deposits 
found in rock-cavities may have been thus formed; but he is in- 
clined to attribute the production of so-called inspissated petroleum, 
like the albertite for example, to “the distillation of asphaltic or 
pyro-asphaltic schists, at a very low temperature.” Asphaltum 
from decomposition of the petroleum of class B, forms enormous 
deposits in Southern California, where every form of bitumen of this 
class is found, except naphtha, pyro-asphalts and pyro-schists. 
Light petroleums of a beautifui green color pass through every de- 
gree of blackness and density to solid asphaltum; but none of these 
either contain paraffin or yield it on distillation. Study of these 
deposits had convinced him that even in that warm climate, such 
changes could not be produced by inspissation. 

Two points were experimentally investigated: Ist, the amount 
of nitrogen in the California, as compared with the Pennsylvania 
oil; and 2d, the action of oxydizing agents on both these varie- 
ties. The former oil taken nine months previously, yielded 1°105, 
10165, 10855 per cent of nitrogen in the three samples; one of 
maltha gave ‘5645 per cent. Three samples of Pennsylvania oil, 
taken five months before, gave only *1912 per cent as a mean. 
One year later, the first sample above given yielded only °48775 
- cent. A sample of Mecca oil gave ‘230 per cent, and one from 

West Virginia °054 per cent. The oxydation of the petroleums 
was attempted by means of ozone, obtained from dry potassic per- 
manganate and sulphuric acid. The Pennsylvania oil underwent 
no change, while that from California deposited a large amount of 
solid bitumen, which had all the properties of an asphalt.—Proc. 
Am. Phil. Soc., x, 445. 

3. Paleontology of the Geological Survey of California, J. D. 
Wurrney, State Geologist. Vol. II, Cretaceous and Tertiary fos- 
sils by W. M. Gass. pp. 300, large 8vo, with 36 lithographic 
plates of fossils. 1869. Published by authority of the Legislature 
of California.—The descriptions of the Cretaceous fossils in this 
volume by Mr. Gabb are in continution of those of vol. I. A 
large number of new species are here described and figured, in- 
cluding some new genera, and in addition other species from 
Sonora, Mexico. Prof. Gabb has been led by his investigations 
to a new subdivision of the formation in California, a brief state- 
ment of which is here taken from the Preface of the volume by 
Prof. Whitney. 
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“The Cretaceous formation is found covering large areas on the 
west coast, from Vancouver and the adjacent islands of theSan Juan 
Archipelago, on the north, through Washington Territory and 
Oregon to Southern California, as well as isolated patches in Eastern 
Oregon and in Mexico, Except that in Mexico, which seems to 
be an extension of one of the best known members of the Texan 
Group, it is divided into four groups, as follows : 

“ist. The Tijon group, the most modern member, the division B, 
of Paleontology, vol. I, is peculiar to California. It is found most 
extensively developed in the vicinity of Fort Tijon and about 
Martinez. From the latter locality it forms an almost continuous 
belt in the Coast Ranges to Marsh’s, fifteen miles east of Mt. 
Diablo, where it sinks under the San Joaquin plain. It was also 
discovered, by the different members of the Survey, at various 
= on the eastern face of the same range, as far south as New 

dria, and, in the summer of 1866, by Mr. Gabb, in Mendocino 
county near Round Valley, the latter locality being the most 
northern point at which it is yet known. It is the only coal-pro- 
ducing formation in California. 

“This group contains a large and highly characteristic series of 
fossils, the larger part peculiar to itself, while a considerable per- 
centage is found extending below into the next group, and several 
species stil] farther down into the Chico Group. Mr. Gabb con- 
siders it as the probable equivalent of the Maestricht beds of Eu- 
Tope. 

bd. The Martinez Group is proposed provisionally, to include a 
series of beds of small geographical extent found at Martinez on 
the northern flank of Monte Diablo. It may eventually prove to 
be worthy of ranking only as a subdivision of the Chico Group. 

3d. The Chico Group is one of the most extensive and impor- 
tant members of the Pacific coast Cretaceous. Its exact relations 
with the formation in Europe have not yet been fully determined, 
though it is on the horizon of either the Upper or Lower Chalk, 
and may probably prove to be the equivalent of both. It is ex- 
tensively represented in Shasta and Butte counties and in the foot 
hills of the Sierra Nevada as far as Folsom, occurring also on the 
eastern face of the Coast Ranges bordering the Sacramento valley, 
at Martinez, and again in Orestimba Cafion in Stanislaus county. 
It includes all of the Cretaceous of Oregon and of the extreme 
northern portion of California, and is the coal-bearing formation 
of Vancouvers Island. 

4th. The Shasta Group is a provisional name, proposed to include 
a series of beds of different ages, but which, from our imperfect 
knowledge of the subject, cannot yet be separated; it includes all 
below the Chico Group. It contains fossils, seemingly represent- 
ing ages from the Gault to the Neocomien, inclusive, and is found 
principally in the mountains west and northwest of the Sacra- 
mento Valley. Two or three of its characteristic fossils have 
been found in the vicinity of Monte Diablo, and one of the same 
species has been sent from Washington Territory, east of Puget’s 
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Sound. ‘Few or none of its fossils are known to extend upward 
into the Chico Group.” 

The section on the Tertiary also contains many new species, and 
Part III a synopsis of all the species which have been hitherto 
described from Tene as well as California. 

The Survey has also issued a large map of the vicinity of the 
Bay of San Francisco, on a scale of two miles to an inch, and it 
has other volumes in preparation. A catalogue of the series is 
given on page 151. 

The geological survey of California has been suspended by the 
State: we trust, however, only temporarily. The admirable style 
of the publications thus far issued, their excellent science, and the 
great value of the results, in all these respects unsurpassed by any 
other of the geological surveys of the country, may well gratify 
the pride of the State, and lead it to continue the work until all its 
departments are completed. 

4, Reliquie Aguitanice; being contributions to the Arche- 
ology and Paleontology of Périgord and the adjoining provinces 
of Southern France, by Epovarp Larter and Henry Curisty. 
Edited by Thomas Rupert Jones, Prof. of Geology, &c., Royal 
Military College, Sandhurst. Pages 95-102; 97-112, Plates A. 
XXI-xxIv. xv-xvi. London: (H. Baillitre.)}—We cite here a few 
paragraphs from Chapter ix by Prof. Paul Broca, General Secre- 
tary of the Anthropological Society of Paris, on the human skulls 
and bones found in the cave of Cro-Magnon, near Les Eyzies, re- 
ferring to the work itself for more details. 

“No discovery could be of greater interest to Anthropologists 
than that of these bones. It is the complement, I may say the 
crowning, of the important discoveries made by M. Edouard Lar- 
tet and his lamented collaborator Henry Christy in the Caves of 
Périgord, especially in that of Les Eyzies. The objects found in 
these Caves not only furnished us with the most satisfactory proofs 
of the contemporaneity of Man and the Mammoth, but they re- 
vealed the most curious details of the life and manners of the old 
Cave-dwellers of Périgord; still we were without any knowledge 
of the anatomical characters of this intelligent and artistic race, 
whose clever carvings are objects of our astonishment. 

“The excavations lately made near Les Eyzies, by M. Louis Lar- 
tet, enable us to supply this want; and there cannot be any doubt 
of the authenticity and high antiquity of the human bones there 
exhumed. The stratigraphical details of the contents of the Cro- 
Magnon Cave, furnished by M. Louis Lartet (see the work, pages 
62-72), prove that the human bones are not only as old as, but even 
perhaps older than, the carved objects from the great Les-Eyzies 
Cave. The latter corresponds with the period when the Reindeer 
predominated in the Fauna; whilst the former belong rather to 
the period of the Mammoth; and though a considerable time must 
have elapsed between the two periods, yet there is nothing to hin- 
der the belief of the gradual passage from one to the other, with- 
out any ethnic revolution, the same race maintaining itself in the 
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same district uninterruptedly ; so that, if the bones from Cro-Mag- 
non are not those of the artists of the Reindeer Period, they are at 
least those of the ancestors of that people. 

“The remains of the men of the Quaternary Period that we have 
hitherto been able to study belonged, for the most part, to individ- 
uals of short stature, with a rather small cranium, and a more or less 
prognathous face. Hence it has been concluded that the primitive 
population of Europe belonged to a Negroid race, according to 
some, and according to others to a Mongoloid race, whose stature 
did not much exceed that of the modern Laps. The facts on which 
this opinion rests I take as exact; but it rests also on a precon- 
ceived idea, which, for my part, I have long combated—namely, 
that in Quaternary Europe there was only one race of Men, 
Starting with the ethnogenic theory, that the diversity of the 
human race is produced by the influence of time and circumstances, 
the holders of the above-mentioned opinion admit that the typical 
differences ought to be less and less as we look back to past ages; 
and when the Polygenists object that the separation of the princi- 
pal groups of races was already complete in the earliest historical 
times, they are told that it was not in those times, so close to our 
own, but in the immense and incalculable preceding periods that 
the divergences from the original type were manifested. Reduced 
to these terms, the question of the unity of the human race is ad- 
journed to the time when Paleontology shall have discovered the 
remains of primitive man, or at least relics of the races of the 
Quaternary Epoch. The Monogenists suppose that these races, 
separated from us by thousands of ages perhaps, and for certain 
infinitely nearer to original man than the most ancient of the his- 
toric races, ought to present, if not an absolute uniformity, at least 
a manifest convergence toward the type of the common mould 
whence, they believe, all the races came. 

“It comes to this, however, (and it is usually the case,) that facts 
begin to contradict a preconceived hypothesis. The Quaternary 
race of Dordogne (Cro-Magnon) differs from the Quaternary race 
of the Belgian Caves, as much at least as dissimilar modern races 
differ one trom another. The contrast is complete, not only when 
we look at the conformation and volume of the head, but also if 
we look at the form and dimensions of the bones of the limbs.” 

5. Report on the Mineral Resources of the States and Territo- 
ries west of the Rocky Mountains; by Rossitrrer W. Raymonp, 
Special Commissioner of Mining Statistics, Treasury Department. 
256 pp. 8vo. Washington, 1869. (Government Printing Office.)— 
This report is a continuation of, or a supplement to, the Report 
of Commissioner Brown noticed in this Journal, vol. xlvi, p. 480. 
Mr. Raymond was appointed to the position of Commissioner, 
April 1st, 1869; and as he was obliged to submit his report in 
October, he had but a few months in the field. He seems, how 
ever, to have made excellent use of the time at his disposal: and 
in his notes on California, Nevada, Idaho, Montana, Utah, and 
Arizona, he has given, in a very systematic manner, the leading 
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facts with regard to the present condition of these states and ter- 
ritories. His report is illustrated with sections of a large number 
of the principal quartz mines, which aid materially in comprehend- 
ing the character and extent of the veins and workings. 

Mr. Raymond also devotes 40 pages to the discussion of the re- 
lations of government to mining, stating the mining laws of differ- 
ent countries. In addition, he has several chapters on mining edu- 
cation, with a sketch of some of the principal mining schools of 
Europe. The following estimate of the annual product of bullion 
for 1868 is given by the commissioner: 

California, $22,000,000 
Nevada, 14,000,000 
Montana, 15,000,000 
Idaho, 

Washington and Oregon, 

Arizona, 

Colorado and Wyoming, 

All other sources, 1,000,000 


$67,000,000 
being a decrease of $8,000,000 from the product of 1867; a por- 
tion of this is, however, accounted for by the fact that the pre- 
vious commissioner estimated the bullion from unknown sources at 
$5,000,000, whereas here it is reduced to $1,000,000, For further 
particulars we must refer to the report, which will well repay peru- 
sal, We understand that the author’s edition of the report can be 
obtained from D. Van Nostrand, publisher, in New York. 

6. On a transparent Wolfram ; in a letter from Mr. DesCtot- 
zEAUX to J. Lawrence Smith. (Communicated for this Journal.)— 
“T found last summer a Wolfram of Bayonka in the Ural, of which 
the composition is— 

Tungstic acid, 

Oxyd of 20°96 
Protoxyd of iron, 

Lime, 

Silica, 


Density 7:357. This is about the composition of hibnerite; 
besides, this wolfram is transparent in very thin layers, and I was 
enabled to establish that the bisectrix of the optical axes is 
notably oblique to the vertical axis about 20°, which confirms my 
previous observation made on very small crystals from the neigh- 
borhood of Limoges, that the form of wolfram is clinorhombic, 
aid that the primitive form is a rhombic prism very slightly 
oblique. I suppose that the hibnerite is also trans parent.” [Hiib- 
herite is transparent, and is hyacinth-red in thin scales.—e. J. B.] 
7. On the Descloizite of the Wheatly mine, Pennsylvania ; 
by J. Lawrence Smita. (Communicated for this Journal.)— 
submitted a short time since some small crystals of the vanadate 
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of lead which I found at the Wheatly mine near Phenixville, 
Penn. (see this Jour., 1I, xx, 247, 1855.) They were the best crys- 
tals that had been discovered, except two or three alittle larger, 
that were placed in the hands of a crystallographer, who misplaced 
them before they were examined. The results of Mr. DesCloi- 
zeaux’s observations are contained in the following communica- 
tion to me. 

“T have examined your crystals of Descloizite. They are truly 
very small, and somewhat confused; I have, however, recognized 
as the form a rhombic table. This has the angle approximatively 
of m:n=64° to 65°, which corresponds to the angle of the prism 
adopted by me for Descloizite. This character, in connection with 
your analysis seems to make it more than probable that the min- 
eral you found at the Wheatly mine is really Descloizite.” 

8. Geological Survey of Indiana.—The Legislature of Indiana 
has made an appropriation for a Geological and Natural History 
Bureau, in connection with the State Board of Agriculture. The 
bill creating this bureau provides, also, for a geological survey of 
the state, and for building up a scientific museum at Indianapolis. 
Prof. E. T, Cox has been appointed, by the Govornor, state Geol- 
ogist, to take charge of this department and has already com- 
menced work. We anticipate very important results from the 
survey under the superintendence of this able geologist. 

9. On a new locality of Franklinite; by Wma. A. Fonpa.—A 
vein of Franklinite has been opened at Centerville, 5 miles above 
Paterson, on the side of “Second Mountain.” The ore has the 
same general characteristics with that obtained from the Stirling 
Hill and Franklin furnace mines. The gangue is rhodonite, and 
calc spar in some specimens. 

10. Révue de Géologie pour les années, 1866 et 1867, par M. 
De eEssk, Ingénieur en chef des Mines, Professeur de Géologie a 
Ecole Normale, etc., et M. DeLappareEnt, Ingenieur des Mines, 
Secrétaire de la Société Géologique de France. 304 pp. 8vo. 
Paris, 1869,—This volume is the sixth in the series of Reviews of 
the progress of Geology prepared by Delesse and Lapparent. 
Like its predecessors, it gives pretty full abstracts of various 
papers on Lithological, Dynamical and Stratigraphical Geology, 
especially those by European authors, with brief references to 
many on paleontology. 

11. Etudes sur le Métamorphisme des Roches, par DE ESSE, 
Ingénieur des Mines, Professeur de Géologie a l’école normale, ete. 
Ouvrage Couronné par l’Académie des Sciences. 92 pp. 8vo. 
Paris, 1869.—This work is a reprint of one of the memoirs of 
Delesse upon metamorphism. It reviews and discusses the bear- 
ings of a large number of facts bearing on the subject, and may 
be perused with profit by those interested in that department of 
geology. 

12. I. Réapparition du genre Arethusina Barr.; II. Faune 
Silurienne des environs de Hof, en Baviere ; par Joacum Bar- 
RANDE.—Each of these valuable memoirs by Barrande is illustrated 
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by a plate. The first presents new facts bearing on his view as to 
the reappearance of types; and the second describes several new 
Trilobites, Pteropods, Bracbiopods and Cystidea from the Silu- 
rian beds of Hof, besides a comparison of the Silurian beds of 
Hof with those of Bohemia. 


III, ZOOLOGY. 


1. On some of the more recent works upon Annulata.—Since the 
appearance of the Familien der Anneliden of Grube in 1856 no 
general work upon the same subject has been published, but a large 
number of monographs bearing upon the development, anatomy 
and the classification of different families of Annulata have ap- 
peared at various times, and are scattered through scientific jour- 
nals. It was a most propitious time for any one having access to 
large collections to review the material accumulated and write a 
general work upon the subject. This has been done in part by 
Ehlers* who went nearly over the same ground as Grube, while 
Quatrefagest has taken up all the orders, which, according to the 
title of Ehler’s monograph, did not come within the scope of his 
work, Both profess to give the present condition of our know- 
ledge of these animals. Ehlers’ work is based upon the study of 
the species to which he had access from collections made principally 
in European seas, though as assistant to Professor Keferstein he 
has had access to the collections of the Gdttingen Museum and 
those of the Museum of Comparative Zoology of Cambridge. His 
work consists of monographs of the different species to which he 
has had access, connected by general remarks, an@ illustrated by 
excellent plates; the whole of the descriptions and illustrations 
are thorough and most accurate and his minute knowledge of what 
has been done in his department will leave the student but little 
to hunt for himself: 

The volumes of Quatrefages can more strictly be called a revi- 
sion of the Annulata, based upon the many memoirs which the au- 
thor has published at various times concerning the anatomy, devel- 
opment and systematic zoology of the class. The plates are en- 
tirely original, having all been drawn from nature by the author 
himself, and form a striking contrast to the customary rehash we 
usually find in general text books in most departments of natural 
history. We can fairly take it as an excellent guide for the deter- 
mination of Annulata, and it will take its place by the side of the 
capital works of Milne Edwards on Crustacea and Polyps, pub- 
lished in the same series. It is however somewhat anfortunate that 
many species hitherto unknown should have been described by 
Quatrefages from alcoholic specimens, when the careful study even 
of the living specimens of this class is subject to so many diffi- 
culties and likely to encumber us with additional synonyms for 


* Dr. E. Ehlers, Die Borstenwiirmer, Pt. I, 1864, Pt. IT, 1868. 
+ A. de Quatrefages, Histoire Naturelle des Annelés, 1865. 
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want of authentic specimens for comparison. Nor has the author 
always paid sufficient attention to the labors of some of his prede- 
cessors, having allowed a number of prominent memoirs by 
Skandinavian naturalists to escape him altogether.* The nomen- 
clature introduced by Quatrefages is on the whole very accepta- 
ble; the statement he makes of several histological and ana- 
tomical points is somewhat meager, the results of various German 
writers bearing on the subject having escaped his attention, and 
thus due credit is unintentionally not always given to the original 
investigator. The chapter on the respiratory apparatus and its 
functions is particularly defective and we must go back to the ex- 
position given by Grube and Delle Chiaje for the proper interpre- 
tation of the process of respiration. We owe to Quatrefages the 
first attempt at a geographical distribution of Annelids, though the 
Faunal works which have appeared since the publication of his trea- 
tise, show that he has given too narrow limits to his Faune, and 
that we must have a larger amount of material than can be collect- 
ed from the observations of Schmarda,t of Grubef or of Kinberg,§ 
as the results of various scientific explorations in different parts of 
the globe, before any satisfactory conclusions can be reached. We 
must look forward to many such Faunz as we now have in the 
beautiful memoirs we owe to Malmgren] on the Northern Annelids 
and to Claparéde for the Annelids of the coast of France and Italy 
before we can begin to theorize on the subject. Our knowledge of 
Annulata is by far too incomplete, and no field offers a richer re- 
ward, There is no coast which when explored carefully will not 
amply repay its explorer, and no district, however poor in appear- 
ance, where a*rocky point cannot be found which will reward the 
search; when such observations are accompanied by bathymetrical 
figures of distribution like those of Malmgren they are doubly 
valuable, and we may soon hope with the expected Reports on the 
Deep Sea Fauna of the English, Swedish and American expedi- 
tions, to have a good basis for a bathymetrical distribution of the 
Annelids of the Northern Atlantic, added to what data we 
have from our own coasts and the European coasts of the Atlantic 
in memoirs already published and the collections of the various 
Museums of the new and old world. 

The difference to be noticed in the number of species enumerated 
by Malmgren in his two memoirs and the old fauna of CErsted 
covering nearly the same ground, gives us a fair criterion of what 
we may expect from a thorough exploration of our own coast. 
Even on the well explored coast of Europe we find that valuable 


* Particularly the monograph of Kinberg in Eugenies Resa and the smaller 
notices of Sars on Northern Annelids, which contain much of importance. 
L. K. Schmarda, Neue Wirbellose Thiere. 
E. Grube, Die Anneliden d. Novara Expedition. 
Kinberg in Eugenies Resa. 
* | Dr. Malmgren, Annulata polychaeta Spitzbergiae, 1867; Nordiska Hafs An- 
nulater, 1865. 
{ E. Claparéde, Annélides Turbellariés, Opalines, 1861; Anatomie des Oligo- 
chétes, 1862; Glanures Zootomiques, 1864; Beobachtungen ueber Wirbellose 
Thiere, 1863; Annélides du Golfe de Naples, 1868. 
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additions are made by any careful investigator. This is most 
strikingly illustrated in the late publications of Claparéde, who 
has within the last few years enriched our literature with the best 
monographs on annelids, full of new matter on their anatomy, clas- 
sification and development, and written with constant reference 
to all that has been done on the subject previously to him. His 
memoirs are always well illustrated, his last paper on the annelids 
of Naples containing no less than 32 exquisitely drawn plates. His 
criticisms invariably show an exhaustive acquaintance with the 
subject, though he is at times somewhat too severe when analyzing 
opposing views. 

We are now fast accumulating materials toward a natural clas- 
sification of Annulata. The affinities of the various orders as un- 
derstood by Schneiderf are a great step in advance of our present 
systems, as also the emancipation from the consideration of such char- 
acters as were used by Grube in his classification, and which have 
until recently received such universal recognition. The late em- 
bryological investigations of Claparéde, Krohn, Schneider, A. 
Agassiz, Kovalewsky, Keferstein, Knappert, Fritz Miller, Meczni- 
kowt have done much toward clearing up the affinities of many 
families of Annelids, while the memoirs of Bastian{ and Ebert§ on 
Nematods, of Van Beneden| and of Van Beneden and Hesse 
and Krabbe** on intestinal worms and on Nematods; of Kefers- 
teintt on Sipunculids and the various Reports of Williams on British 
Annelids, have immensely enlarged our previous acquaintance of 
this subject. Bastian’s attempt to prove the affinities of the Ne- 
matoids to Echinoderms on anatomical grounds, and thus bring up 
again the view taken originally by Huxley of the affinities of An- 
nulata and Echinoderms, has found no supporter except Haeckel; 
he has, however, never paid special attention either to Annulata or 
Echinoderms, and merely adopts this view in his Generelle Morpho- 
logie, as a convenient one for his tables of genealogical descent. 
As handbooks of Entozoa we must specially mention Cobbold’s En- 
tozoa, which, though not having much claim to original matter, yet 
will be found an excellent compendium, faithful, accurate and well 
illustrated, and written with full references to what has been done 
in this field up to the present time. Jeuckart’s “ Menschliche Para- 
siten” has reached the second part of the second volume, and like 
every thing coming from the pen of that most accurate investi- 


* A. Schneider, Die Nematoden, Berlin, 1866. 

+ I do not cite the titles of these shorter papers; they will be found in Wieg- 
mann’s Archiv; Zeitschrift f. Wiss. Zool.; Miiller’s Archiv; Mem. Acad. St. 
Petersburg; Annals Lyceum Nat. Hist., N. Y.; Journal Bost. Soc. Nat. Hist ; 
Acad. of Utrecht. 

¢ C. H. Bastian, Anguillulide, Trans. Lin. Soc, xxiii; Anatomy and Physi- 
ology of Nematoids, Trans. R. S., 1866. 

§$ Ebert. Die Nematoden. 

| Van Beneden. Vers Intestinaux, Paris, 1858. 

“' Van Beneden and Hesse. Recherche sur les Bdellodes, 1862. 

** Krabbe, in Trans. Dansk. Acad., v, vi. 

t+ W. Keferstein, Sipunculiden in Zeit. f. W. Zool., 1865. 


142 Miscellaneous Intelligence. 


gator, it promises to be an exhaustive handbook full of original 
observations. The text is abundantly illustrated by woodcuts, 
It may not be out of place to close this notice, by referring to 
two short but capital papers on the development of Bryozoa,* 
which throw considerable doubt on their systematic position, 
With the exception of Leuckart, almost all naturalists have homo- 
logised Bryozoa and Brachiopoda to their complete satisfaction, 
and they are universally placed among Mollusks. Smitt’s paper 
on the development of Bryozoa gave Leuckart an opportunity to 
reaffirm his yiews with considerable force, and now he receives the 
support of Schneider,t who in a memoir on the development of 
Cyphonantes into Membranipora has attacked the subject from a 
new point of view, and has homologised, apparently, the larva of 
Membranipora with undoubted Annulate larve (Actinotrocha). 
For the final solution of this exceedingly interesting question, we 
must look to the development history of a greater number of Bry- 
ozoa than we know at present. A. A, 
2. Mémoires pour servir a la Connaissance des Crinoides 
Vivants ; par Micuart Sars. Programme de I’ Université royale 
de Norvége. 66 pp. 4to, with 6 plates.—Christiania, 1868, (Impri- 
merie de Brogger et Christie). In the first part of the memoir the 
author gives an elaborate and careful description of the external 
appearance and anatomy of a very interesting new genus of at- 
tached crinoids (Rhizocrinus Lofotensis), which is one of the 
numerous new forms brought to light by the deep-sea dredgings 
of Mr. G. O. Sars, at the Islands of Lofoten and on the coast of 
Norway. This species occurred at depths ranging from 100 to 306 
fathoms, and appears to be gregarious, and rather abundant in its 
localities since 75 specimens were obtained. It is a small species, 
with a long crooked stem, attached only by numerous lateral root- 
like cirri, which are scattered along the lower portion. The joints 
of the stem are elongated and articulated as in Bourguetocrinus, 
but appear incapable of motion; the upper joint is enlarged, obco- 
nic, and forms the lower part of the head. The arms are undivid- 
ed, usually five, but vary from 4 to 7; theirlength in the largest 
specimens was 10 to 11™", or about one seventh the length of the 
stem. The pinnule are few, alternating on the two sides, the lower 
ones shorter and in one specimen swollen, containing the re- 
productive organs. The mouth is circular, in the center of the 
disk, surrounded by a circle of tentacles, two corresponding with 
each tentacular groove, alternating with two interradial ones. 
The mouth and tentacles are enclosed by movable, valve-like, prom- 
inent laminz, corresponding in number and position with the in- 
terradial areas of the disk, and strengthened by a fine calcareous 
network. Reticulated calcareous plates are also scattered through 
the membrane of the disk. The anus is a simple circular aperture 
through the membrane of the disk, in one of the interradial re- 
gions, midway between the mouth and the edge of the disk, not 


*F. A. Smitt. Hafsbryozoernas utveckling och Fettkroppar. Stockholm, 1865. 
+A. Schneider. Zur Entwickelungsgeschichte und Systematischen Stellung 
der Bryozoen und Gephyreen, 1869. 
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prolonged into a tube. Itis, in fact, according to Mr. Sars, a de- 
graded type of the family of Apiocrinide, having most affinity 
with Bourguetocrinus, and forming so to speak the transition from 
the Apiocrinide tothe living genus, Antedon ( Comatula Lam.), and 
especially to its larval state (Pentacrinoid). 

This new form* presents many features of interest and will doubt- 
less throw light upon some obscure and doubtful points in the 
structure of fossil crinoids. So far as its anatomy bears upon 
the points discussed in the articles of Mr. Meek and Mr. Billings, 
it appears to confirm the views of the former in regard to the 
positions of the mouth and anus of the fossil forms. For if we 
imagine the convergent valves around the mouth to be enlarged 
and united together over it by their edges and summits, we should 
have nearly the structure made out by Mr. Meek. 

The second part of the memoir is devoted to a description of 
the Pentacrinoid state of Antedon Sarsii, illustrated by two elab- 
orate plates. v. 

8. Contributions to the Natural History of the Bermudas, 
Coralliaria ; by J. Matrnew Jones. (Proc. and Trans. of Nova 
Scotian Inst. of Nat. Science, vol. ii,) Halifax, June, 1869.—The 
author enumerates 18 species of corals, found at the Bermudas, 
and gives accounts of their mode of occurence, etc. The species 
are as follows: Jsophyllia dipsacea Verrill, Meandrina cerebri- 
formis Lam. (=Diploria cerebriformis Ewd. and H.), Sideras- 
trea radians V., Oculina diffusa Lam., O. varicosa Les., O. Valen- 
cienesii KE. and H, (=O. Bermudiana Duch. and M.), Mycedium fra- 
gile Dana, Porites clavaria Lam., Millepora alcicornis Linn., Gor- 
gonia flabellum Livn., Plexaura crassa Lamx., P. flecuosa Lamx., 
Pterogorgia Americana Ehr. The synonymy is in some cases 
faulty: thus Porites conglomerata is not a synonym of P. clavaria, 
but a more massive species from the East Indies; the massive form 
referred to as a variety of P. clavaria is perhaps P. astreoides 
Les.; Leptoseris fragilis is very distinct from Mycedium fragile ; 
Madrepora palmata Lam., M. muricata, var. Esp. and MM. alces 
Danaarenot synonyms of Millepora alcicornis, but true Madrepore, 
—the first being a large and common species from the Florida reefs 
and West Indies. Further exploration will doubtless add quite a 
number of additional species. I have already seen Bermuda speci- 
mens of Isophyllia rigida V., Plecaura homomalla Lamx., and 
Pterogorgia acerosa Ehr., in addition to those enumerated. — v. 

4. Occasional Papers of the Boston Society of Natural His- 
tory, Vol. I. Entomological Correspondence of Thaddeus Wil- 
liam Harris, M. D. Edited by Samuret H. Scupprr, Boston, 
1869. 8 vo. with cuts and five plates, pp. 375.—This valuable 
volume is interesting, both on account of the numerous accurate 
observations upon the structure, habits, transformations, and clas- 
sification of insects, with which it is replete, but also for the pleas- 


* This species is regarded by Prof. Agassiz as identical with the crinoid dredged 
by Pourtales in 237 to 306 fathoms off the coast of Florida, and described under 
the name of Bourgueticrinus Hotessieri D’ Orb. in the Bulletin of the Museum of 
Comp. Zoology, p. 120, Dec, 1868. 
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ing picture it gives us of the private life and character of one who 
must alw ays rank high among American Naturalists. It contains 
a biographical sketch of Dr. Harris , by Col. T. W. Higginson, ac- 
companied by a steel engraving ; his entomological correspondence 
with Hentz, Melsheimer, Doubleday, Herrick, J. L. Le Conte, 
Miss M. H. Harris, Thomas Say, and others; descriptions of larve 
and their habits; ‘unpublished descriptions of various mature in- 
sects; and republications of several of his rarer and most inaccess- 
ible papers. The plates are well executed, from drawings made 
by Harris, or formerly in his possession. The volume is accompa- 
nied by a copious index, which adds greatly to the utility of the 
work. v. 
5. The Butterflies of North America, with colored Drawings 
and Descriptions ; by Wu. H. Epwarps. Part 3, quarto, with 
five colored plates. Philadelphia (American Entomological Socie- 
ty).—The third part of this admirable work excels, if possible, in 
the accuracy and beauty of the figures the two previous parts, 
The plates include 24 figures, illustrating Argynnis monticola, A. 
Haleyone, Limenitis Proserpina, Lycena violacea, L. Lygda- 
mus, Thecla leta, and 7. Acadica. A synopsis of North Ameri- 
can Butterflies, with synonymy, is commenced in this part, which 
will prove of creat utility to all students of this interesting group. 
The author bids fair to do for North American Butterflies, what 
Audubon did for the birds. v. 
6. American Cervus. Read before the Ottawa Academy of 
Natural Sciences, May, 1868; by Joun D. Caron, LL. D.—In this 
paper we have a detailed description of the external covering of 
the deer and elk; and a very interesting account of the phenome- 
na connected with the growth and shedding of their horns, both 
under natural and abnormal circumstances; together with many 
observations upon their habits. The author has had excellent op- 
portunities for studying large numbers of these animals in his ex- 
tensive parks, and has made important additions to our knowledge 
of these subjects. v. 
7. Observations on the Genus Unio, together with descriptions 
of new species in the family Unionide, and descriptions of new 
species of Melanide and Paludine ; by Isaac Lea, LL.D. Vol. 
XII, 106 pp. 4to, with 26 plates. 2ead before the Academy of 
Natural Sciences of Philadelphia, June 2d, 1868, and published in 
their Journal.—Dr. Lea, in this twelfth volume of his Observa- 
tions on the Genus Unio, etc., describes 76 species of Unionidae, 
28 of Melanide, and one of Paludine. Of the Unionidae, 36 are 
new North American species, making the whole number of species 
of this continent recognized by him to be 772. Dr. Lea states 
that the South American species here Ther (which he received 
in alcohol, from Don Patricio M. Paz of Madrid ») have the same 
South American characteristics before noticed by him; that is, 
“round palpi or mouth-lips,” and “divergent folds” at the tips of 
the beaks, neither of which peculiarities has he found, he observes, 
in any } North American species. 
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We add here that Dr. Lea, on June 9th, read a paper before the 
Philadelphia Academy, on Unionide from the Lower Cretaceous 
formation of New Jersey, in which he described 10 species, 8 of 
Unio and 2 of Anodonta. The specimens were furnished him by 
Prof. Cope. They were from a bed of bluish clay, six miles north- 
east of Camden, N. J. The bed is subordinate to the Green sand, 
in which occur the Hadrosaurus and other reptilian remains, be- 
sides, in some parts, marine mollusca. Fresh water species had 
not before been recognized in it. 


IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE, 


1. Remarkable Meteor of May 20th (from a notice by Prof. 
E, Loomis in the College Courant of May 29).—A meteor of unu- 
sual brilliancy was seen at New Haven and many other places on 
Thursday evening, May 20th, a few minutes after eleven o'clock. 
Its light exceeded that of the full moon which was shining at the 
time, and was generally compared to a vivid flash of lightniig ; 
its duration was estimated at five seconds. It left behind a bril- 
liant train of light, and finally exploded, separating into nume- 
rous fragments. Its splendor was such as to attract general at- 
tention at Philadelphia, Newark, New York, Newburg, Pough- 
keepsie, New Haven, Hartford, Springfield, Norwich, Worcester, 
Providence and Boston, and doubtless at numerous other places 
from which no reports have yet been received. 

At New York the meteog was first observed at a point 10° 
N.N.W. of the star Altair (in Aquila) and it moved in an are of 
30°, to the N. E. According to this statement, the point of ori- 
gin was about east, at an elevation of 30°, and its termination 
about N. 60° E. at an altitude of 15°. 

At Poughkeepsie, its course was from the south toward the 
east, making an angle of about 30° with the horizon, and it 
burst at an altitude of about 15°. 

At New Haven it moved from a point somewhat west of south, 
to a point somewhat north of east, and its altitude when it explo- 
ded was estimated at 30°. 

At Hartford its course was from §.8.W. to E.N.E. 

From these observations it is not possible to assign the actual 
path with much precision, but it is inferred that the meteor moved 
nearly horizontally at an elevation of 50 miles above the earth’s 
surface and the length of its visible path was about 200 miles, 
The point where it exploded was over the Atlantic ocean, some- 
what north and east of Boston. The time of flight was estimated 
at five seconds, which would indicate a velocity of 40 miles per 
second. 

Several observers have stated that the explosion of this meteor 
was followed by a sound which resembled distant thunder. The 
distance of the meteor from New Haven at this time was about 
170 miles, and sound would require more than ten minutes to 

Am Jour. Sc1.—Seconp Serizs, Vou. XLVIII, No. 142.—Ju ty, 1869. 
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traverse this distance. Any sound which followed soon after the 
explosion must therefore be ascribed to some other cause than this 
meteor. 

2. Meteor of May 20th (from a letter of E. A. Smith, dated 
Moriches, Long Island, Suffolk Co., N. Y., July 1, 1869).—I have 
obtained the following facts respecting the meteor of May 20th, 
from two persons, Mr. and Mrs. Fling, residing at the time at 
Catchogue, 13 or 14 miles east of Riverhead. Mrs. Fling com- 
— the light to the Drummond light which she had seen in 

roadway. The meteor passed from 8.W. to N.E., parallel with 
the front of the house, (which she says points to the 8.E.,) and at an 
altitude half way between the horizon and the zenith. She thought 
the body of the meteor, which sent off constant scintillations, was 
about the apparent size of the moon. Mr. F. thought it might be 
a shade less. The color varied from reddish to purple, though 
different in different parts and times. In about three minutes after 
the passage of the meteor, a terrific sound was heard. Not reali- 
zing the character of the meteor, Mrs, F. said she first thought it 
was an earthquake; but on second thought, concluded it must 
have come from the meteor. It jarred the whole house, doors, 
windows, &c., to the very foundations. Rev. Thomas Owen, half 
a mile east of us, says he was just about retiring for the night, 
when he heard a tremendous jarring sound, and thought it must 
be a cannon fired from a ship in distress; others corroborate the 
statement of great noise. I have since conversed with Mr. and 
Mrs. Clark, very worthy people in Centre Moriches, and their ac- 
count agrees in all important particulars, with the former by Mr. 
and Mrs. F. Taking the diameter at 30’, and the distance (from 
the time 3m.) 39 or 40 miles, the altitude above the earth must 
have been 28 miles; and the diameter of the body 1843 feet. The 
velocity must have been very great, probably equal to that of the 
noted meteor which traversed Europe from N.W. toS.E., about 94 
p. M., Aug. 18, 1783, which it seemed to resemble. The time of 
occurrence of the late meteor was about 11h. 20m. Pp. m. (some 
say 114). 

3. Aurora Borealis of the evening of April 15th.—Besides the 
two articles on the auroral display of April 15th, to be found on 
pages 65 and 114 of this volume, other accounts have reached us 
from various correspondents over the country; and also we have, 
through the European journals, notices of its being widely seen 
= that continent. We defer to another time a summary of the 
acts. 

4, American Association for the Advancement of Science.— 
The Eighteenth Meeting of the Association will be held in Salem, 
Mass., commencing on Wednesday, August 18, at 10 4.m. Ar- 
rangements are in progress by the Local Committee to make the 
meeting a scientific success, and a large attendance from all parts 
of the country is expected. 

An interesting feature of the meeting is anticipated in the pro- 
posed microscopical gathering, and a large room will be specially 


Le 
q 
| 
| 
| 
i 
| 
| 
| 


Miscellaneous Intelligence. 147 


devoted to the display of Microscopes, and all that pertains thereto. 
The Local Committee respectfully requests all persons having 
first-class instruments, to bring them to the meeting, and also 
such apparatus as they have found useful in their manipulation. 
Agents and makers of Microscopes are requested to bring speci- 
mens of their different manufactures. 

On the afternoon of the first day of the meeting, the Associa- 
tion will be invited to assist in the dedication of the Museum 
of the Peabody Academy of Science. The Rooms of the Essex 
Institute and of the Academy, also those of other institutions of 
the city, will be open during the meeting. 

The meetings of the Association will take place in the several 
halls of the County Court House, which furnish most ample ac- 
commodation for the different sections and committees. The 
office of the Local Committee will be at the new Court House, 
where members will be conducted immediately on their arrival in 
the city. 

A circular giving all necessary information relating to the meet- 
ing, will be sent to any one requesting it,on application to the 
Local Secretary. The volume of Proceedings for the Chicago 
meeting is now nearly printed, and will be ready for delivery at 
this meeting. 

Any person wishing to join the Association can report his name 
to any of the Secretaries. The entrance fee is $5, and the annual 
assessment is $3, including the price of the yearly volume of Pro- 
ceedings. 

Farther information relating to the Association can be had by 
addressing the Local Secretary, F. W. Putnam, Salem, Mass. 

5. List of papers read before the National Academy of Scien- 
ces at its April Session, 1869. 

1, On the age of beaver dams, by A. Agassiz. 

2. On the cooling of the sun and planets, by B. Peirce. 

3. On the most plausible reconstruction of the original Apalach- 
ian surface, by J. P. Lesley. 

4, On the pure phosphate beds of South Carolina, their forma- 
tion, age and fossils, including the human remains lately discov- 
ered, by H. 8. Holmes, 

5. On a new meridian equal altitude instrument used in the 
Coast Survey, by J. C. Hilgard. 

6. On the deep sea explorations of the Gulf Stream, by A. 
Agassiz. 

7. On tidal researches, by W. Ferrell. 

8. On tidal rainfall, by P. E. Chase. 

9. On the products of the action of the alkaline nitrites upon 
uric acid and its derivatives, by Wolcott Gibbs. 

10. Upon inversion in Algebra, by B. Peirce. 

11. On a mode of examination of potable waters, by Dr. Craig. 

12. On the meteorite which fell in Franklin Co., Alabama, Dee. 
5th, 1868, by G J. Brush. 

13. On a new member of the chrysolite group, by G. J. Brush. 
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14, On the effects of expansion and contraction in large ice 
fields, illustrating the formation of anticlinal and synclinal axes 
in geological formations, by M. C. Meigs. 

15. On the great tornado in Iowa and Illinois, June 3d, 1860, by 
W. L. Nicholson. 

16. On earthquake waves and the depth of the ocean, by J. 
KE. Hilgard. 

17. On the bistory and present condition of an investigation of 
the winds, by Jas. H. Coffin. 

18. On the connection between solar spots, the magnetic declina- 
tion and the exhibition of the Aurora Borealis, by Elias Loomis, 

19.* On certain new methods of eudiometrical analysis, with 
examples of the analytical work done therewith, by B. Silliman 
and H, Wurtz. 

20.* On the effect of atmospheric air in reducing the ‘llumina- 
ting power of coal gas, by B. Silliman and H. Wurtz. 

21.* On an important modification of the hydrocarbon process 
for the production of illuminating gas, by B. Silliman. 
22. On the physical construction of the sun, by J. H. Lane, 
23. On the periodic star 7 Argus, by Elias Loomis. 


V. MISCELLANEOUS BIBLIOGRAPHY. 


1. The Yosemite Guide Book; A description of the Yosemite 
valley and the adjacent region of the Sierra Nevada, and of the 
Big Trees of California, 156 pp. large 8vo, illustrated by maps 
and woodcuts. Geological Survey of California, J. D, Wurrney, 
State Geologist. Published by authority of the Legislature.— 
Prof. Whitney has here prepared a model Guide Book, worthy of 
the State of California and of the remarkable region it illustrates, 
After general observations on the physical features of California, 
he treats with much detail of the valley which is the special sub- 
ject of the work. The routes to the valley and the Big Trees, are 
given with much detail and other information indispensable to the 
traveler. He then describes in a graphic style the grand scenery 
along the routes, the lofty precipices, peaks and waterfalls, men- 
tioning the modes of access to each, and whatever is of popular 
or scientific interest along the way, closing this chapter with ob- 
servations on the origin of the wonderful valley, The High St 
erra, the Alps of California as sometimes called, where there are 
traces of ancient glacers of vast extent and probably the highest 
mountain peaks of the Continent north of Mexico, is the subject 
of the next chapter; and here also there is that combination of 
special practical information with regard to routes, grand descrip- 
tions of scenery, and able discussions of the physical geography 
and geological structure of the region which could be given only by 
Prof. Whitney, the Geologist of the California Survey. The high- 
est summit was first ascended by Clarence King and named by 
him Mount Whitney: he found the height of the point he reached 


* These papers were read by title only. 
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14,740 feet, with 300 or 400 feet of inaccessible rocks still above 
him. (See this Jour., xxxix, 10.) 

The work contains two admirable maps, one, of the part of the 
Sierra Nevada adjacent to the Yosemite valley, from surveys made 
by Charles L. Hoffman and James T. Gardner, the other, of the 
Yosemite valley itself, from surveys by Clarence King and J. T. 
Gardner. The maps are minute in their details of this mountain 
region, but not more so than is warranted by the thoroughness of 
the surveys. The volume is published in elegant style, and illus- 
trated by numerous woodcuts representing with great beauty the 
remarkable scenery of the region. The cuts are from among those 
used in the first volume of Prof. Whitney’s Report on the Geology 
of California. 

The Guide Book has also been issued in quarto form with pho- 
tographic illustrations. 

2. Investigations in the Military and Anthropological Statis- 
tics of American Soldiers; by BeNsamiIn AptTHorP GouLp, Ph.D., 
&c., Actuary to the U. 8. Sanitary Commission, 655 pp. 8vo. New 
York, 1869.—This volume is one of the Memoirs of the recent war, 
prepared under the authority of, and published by, the United 
States Sanitary Commission. Rarely have circumstances favored 
the collection of so valuable a mass of anthropological statistics as 
is here submitted to the study of those who are devoted to this 
line of research. The investigation is based upon a very broad 
foundation of facts, the discussion of which has taken a wide range, 
embracing the consideration of the military population and enlist- 
ments in the loyal states; nativity and age of volunteers; age of 
recruits, statures, complexions, color of hair and eyes; previous oc- 
cupations ; mean dimensions of body; dimensions and proportions 
of head ; weight and strength; pulmonary capacity, respiration and 
pulse; vision; miscellaneous characteristics, and military service. 
All of these topics are considered in separate chapters, supported 
with a vast amount of detail tabulated with immense labor with 
subdivisions for white soldiers, sailors, students, colored soldiers, 
Indians, and abnormal cases. 

The most interesting data obtained in these extended investiga- 
tions are laid down upon charts in curves constructed to develop 
the codrdination of the facts classified under the important subdi- 
visions of the work. These charts are admirable examples of the 
value of this mode of taking general truths from a great mass of 
details, which appear chaotic even in the best tabular digests com- 
pared with the clearness brought out by the geometrical projection 
of the same data. It is quite impossible without an extended dis- 
cussion to give any adequate notion of the importance of this ad- 
dition to anthropological statistics, based as it is on an aggregate 
of over two millions of men. The conclusions are all brought to the 
test of mathematical analysis, and a clear idea of the general scope 
of the investigation is offered by a well digested synopsis of the 
contents of each chapter at the close of the volume, covering over 
forty closely printed pages. In the preface Dr. Gould does justice 
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to his fellow laborers by whose codperation alone could this labo- 
rious work have been brought to a compact and scientific unity. 

8. Modern Practice of the Electric Telegraph. A Handbook 
Sor Electricians and Operators, By Franx L, Popx. 128 pp. 
8vo. New York, 1869. (Russell Brothers.)—This is by far the 
best exposition and discussion of the American System of Tele- 
graphic Practice which has fallen under our notice; and does 
credit to the erudition and practical skill of the author. It is 
well known that in every art involving the use of scientific prin- 
ciples there are many points of construction and practice familiar 
to those skilled in the art which are slow in finding their way into 
scientific literature. Mr. Pope, in his excellent handbook, has 
given us a clear and exact statement of those features in the 
American system of telegraphic practice which for the most part 
are very imperfectly discussed or altogether ignored in the more 
elaborate treatises of electricians. Mr. Pope modestly disclaims 
the character of a scientist, but his work shows a degree of famili- 
arity with the principles of science involved in his art, creditable 
alike to his own knowledge and to the present development in the 
United States of the important subject on which he writes. The 
book is clear and unpretending in style, exact and concise in state- 
ment, and remarkably well illustrated by original drawings of the 
apparatus and instruments in use in America. These qualities 
must secure it a high place and general favor. 

4. The Mississippi Valley; its Physical Geography, including 
sketches of the Topography, Botany, Climate, Geology, and Mine- 
ral resources; and of the progress of development in population 
and material wealth; by J. W. Foster, LL.D., President of the 
American Association for the Advancement of Science, [for the year 
1869.] 444 p. 8vo. Illustrated by maps and sections. Chicago, 
1869. (S. C. Griggs & Co.)—In this volume the author discourses 
in a popular style on the physical geography, geology, and re- 
sources of the Mississippi Valley. The work does not claim to be 
the result of original research to any great extent, or to be com- 
plete in the treatment of its topics. It is a readable book containing 
much valuable information. The author does not confine himself 
to the valley, but has many pages on the general subject of cli- 
mate, the origin of prairies, etc., and embraces at times the whole 
country and nation in his widely ranging observations. He closes 
his work with brief chapters on the influence of climate on man ; 
origin of civilization; colonization and progress of population in 
the valley; the Indians, The paper, printing and external appear- 
ance of the volume are excellent. 

5. The Origin of the Seasons considered from a Geological 
point of view ; by SamuEt Mossman, with a map and diagrams. 
472 pp., 8vo. Edinburgh and London. 1869. (Wm. Blackwood 
and Sons.)—This volume on the seasons contains an indefinite va- 
riety of facts or statements from mpeg & geology, physical 

eography, etc., bearing more or less, often the latter, on the sub- 
ject of climate in the past and present; and in connection, the au- 
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thor offers his views and speculations. The author does not ap- 
pear to be thoroughly acquainted with either of the above men- 
tioned sciences, and quotes many of his geological facts loosely, 
or without fully understanding them. His speculations accord- 
ingly are for the most part not well founded, although presented 
along with some right views, and in an attractive manner. 

6. Lecture Notes on Physics, By Atrrep M. Mayer, Ph.D. 
112 pp. 8vo.—In the discharge of his duties as Professor of Phys- 
ics in the Lehigh University at Bethlehem, in Pennsylvania, Prof. 
Mayer has prepared a clear and concise synopsis of the fundamen- 
tal principles and notions of physics in accordanee with modern 
views and the recent progress of science, which will be consulted 
with interest by those whose duties lead them in the same direc- 
tion. These notes have been republished from the Journal of the 
Franklin Institute where they have appeared during the past year 
as a series of articles. ; 

7. Strength of Iron parts of Steam Machinery. By J. D. 
Van Buren, Jr., C.E. 70 pp. 8vo. New York, 1869. (Van Nos- 
trand.)—This is an analytical discussion of the formule employed 
by mechanical engineers in determining the rupturing or crippling 
pressure in the different parts of a machine. The formule are 
founded upon the principle that the different parts of a machine 
should be equally strong, and are developed in reference to the 
ultimate strength of the material in order to leave the choice of a 
factor of safety to the judgment of the designer. Engineers will 
find this a valuable contribution to the literature of their profes- 
sion. 


Publications of the Geological Survey of California.—The publications of the 
—- Survey of California issued up to this date, or nearly ready, are as 
ollows :— 

GEOLOGY, vol. i, with 525 pages of text, in royal 8vo form, 81 wood engrav- 
ings and 1 steel plate; containing a Report of Progress and Synopsis of the 
Field Work, from 1860 to 1864. Price in cloth, $7.50. 

PALZONTOLOGY, vol. 1, with 263 pages of text, and 32 steel and lithographic 
plates, comprising descriptions and figures of the Cretaceous and Triassic fossils. 
by W. M. Gabb, and of the Jurassic and Carboniferous, by F. B. Meek. Price in 
cloth, $7.50. 

PALZONTOLOGY, vol. 2, with 299 pages of text, and 36 lithographic plates, 
containing the remainder of the Cretaceous and the whole of the Tertiary Palex- 
ontology, by W. M. Gabb. Price in cloth, $7.50. 

OrniTHOLOGY. The birds of California and the adjacent States and Territories 
will be described and illustrated in a work now in preparation, which will em- 
brace two volumes. The illustrations of the first of these, including the land 
birds, are now completed, and the volume is in press and will be ready for de- 
livery before the end of the year. The illustrations are on wood and consist of 
a full-length figure of one species of each genus, with a diagram illustrative of 
the details of its external anatomy, and a full-sized figure of the head of each 
species carefully colored in the text. This mode of illustration is believed to be 
that best adapted to make the work one of high scientific and practical value, 
at the lowest possible cost. The work is based on the manuscript and col- 
— of Dr. J. G. Cooper, Zoologist of the Survey, and edited by Prof. S. F. 

aird. 

Minin@ Statistics, No. 1, comprising a Tabular Statement of the Quartz Mines 
= Mills between the Merced and Stanislaus Rivers, in 1865, by A. Remond. 

ce 50 cents. 
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GEOGRAPHICAL CATALOGUE OF THE MOLLUSCA found west of the Rocky Moun- 
tains, between latitudes 33° and 49° North, by J. G. Cooper, M. D., 40 pages (for 
check list and labels). Price 50 cents. 

Tue YOSEMITE GUIDE-Book. A work in one volume, 8vo, elegantly printed, 
and illustrated with wood-cuts (taken from Geology, volume 1), and two elabo- 
rate topographical maps of the region described, namely the Yosemite Valley and 
its surroundings. Price in cloth, with maps in pockets, $5.00. 

THE YOSEMITE BooK. Nearly the same text as that of the Guide-Book, and 
with the same maps; but superbly printed in4to form with 28 photographs by 
Watkins, taken expressly for this volume, of which the edition is strictly limi- 
ted to 250 copies. Only a few copies still on hand. Price, in half morocco bind- 
ing, gilt edges, $30.00. 

MAP OF THE VICINITY OF THE Bay OF SAN FRANCISCO:—scale two miles to 
one inch, size four feet by three, in two sheets. Price, mounted on cloth, and 
varnished, and municipal township boundaries colored, $6.50: mounted on cloth, 
cut to fold, for traveller's use, in cloth case, $6.00. Printed on thin paper, not 
mounted, but folded in cloth case, $5.00. 

Map OF THE SIEKRA NEVADA adjacent to the Yosemite valley:—scale two 
miles to one inch, size thirty inches by twenty. Price, on thin paper, in cloth 
case, $1.50. 

The agents for the sale of the publications of the Geological Survey of Cali- 
fornia are: for the Eastern States and Europe, Messrs. B. Westermann and Co., 471 
Broadway, N. Y.; for the Pacific States, Messrs. H. Payot & Co., 640 Washington 
St., San Francisco. 

Cambridge, Mass., June Ist, 1869. 


Astronomical and Meteorological observations made at the United States Naval 
Observatory during the year 1866. Rear-Admiral Charles H. Davis, Superinten- 
dent. Published by authority of the Hon. Secretary of the Navy. 474 pp. 4to. 
Washington, 1868. 

Paris Universal Exposition, 1867. Report upon Wool and Manufacturers of 
Wool, by E. R. Mudge, United States Commissioner, assisted by John L. Hayes, 
Secretary of the “National Association of Wool Manufacturers.” Pp. 143, 8vo. 
Washington, 1868. 

Sugli Spettri Prismatici dei Corpi Celesti. Memoire del R. P. A. Sxccut, Diret- 
tore dell’ Osservatorio del Collegio Romano. pp. 70. Roma, 1868. A work con- 
taining many original observations. 


PROCEEDINGS Boston Soc. Nat. Hist. Vol. xiii—p. 267, Tin Ore at Winslow, 
Me.; C. T. Jackson.—p. 268, Description of a Shark (Carcharias tigras Atwood) ; 
N. £. Atwood.—p. 269, Descriptions of North American Bees, No. 2, Andrenide ; 
E. T. Cresson.—p. 274, Notes on new or little known species of American Can- 
croid Crustacea; S. I. Smith.—p. 289, Notes on the Concentric Structure of 
Granitic Rocks; WV. S. Shaler.—p. 294, Synopsis of the Birds hitherto described 
from the Hawaiian Is.; S. B. Dole.—p. 310, Descriptions of some Extinct Fishes 
previously unknown; EZ. D. Cope.—p. 321, Notice of the Hemiptera obtained by 
the Expedition of Prof. James Orton in Ecuador and Brazil; P. R. Uhler.—p. 
327, List of the Coleoptera collected by Prof. Orton; G. D. Smith.—p. 830, 
Notes on the Orthoptera collected by Prof. Orton on either side of the Andes of 
Equatorial South America; S. H. Scudder.—p. 345, A study of the Gigantic 
Lobe-crested Grasshoppers of South and Central America; S. H. Scudder.—p. 
357, Use of the Microscopes; H. Hagen.—p. 361, Double Plate of Aulacodiseus 
oreganus, and Diatoms from Ashley River, 8. C.; R. C. Greenleaf.—p. 364, Traces 
of ancient operations in the Oil-region of Penn; W. H. Niles.—p. 366, Notes on 
Mexican Pompilide; Z. 7 Cresson.—p. 880, Limits of Genera; C. S. Minot.— 
p. 381, On new and imperfectly known Echinoderms and Corals; A. E. Verrill. 
—398, Antiquity of Man as shown by excavations at High Rock-Spring, Sara- 
toga, N. Y.; H. McGuier.—p. 400, The Rough-winged Swallow and the Yellow- 
bellied Flycatcher; P. R. Hoy.—p. 401, Method of accommodation in the eyes 
of Birds: B. J. Jeffries.—p. 402, Halibut and Blue-fish; WV. Z. Atwood—p. 404, 
Report upon a Collection of Diurnal Lepidoptera made in Alaska; S. H. Scudder. 
—p. 408, Notice of a new cave insect (Hadencecus); S. H. Scudder.—p. 409, 
Boreus brumalis Fitch; F. G. Sanborn.—Index to the vol. 
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CURVE 
SHOWING THE LOSS OF INTENSITY IN ILLUMINATING GAS 
DUE TO ADMIXTURE OF AIR. 


American Journal of Science 4 Arts, 22 Series, Vol. XLVI. No.142 
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Note. 100-maximum intensity. The vertical and horizontal scales as 1-3 


The numerals on the left indicate the loss of light observed. given 
in per centage 

The numerals on the lower line are the per centage volumes of air 
added as found by analysis of the mixture. 

Below 84, 55 pe. the curve is estimated. 
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